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PREFACE. 



tmc followiDg p»ges bav* been prep&red to meet, and in aome dtigree to Bnpplv, 
the demand for practical iDBtracUon in Topographical Drairing. The greal 
Rctivity which preTaiJi in regard to Internal Improiementa, it eoDBtontly calling 
into the field nnmben of young Eogineen; sad already tDSDy instractJTa 
works have been addreaaed to them on almost every detail coDDOCted with th«ir 
profeesion, eiG«pt map-maliiDg. 

The design of this little maoQal is, to be a practical assistant and office eom 
panioD, to be consulted on all matters connected with Topograpbical Drawing 
from the first sketch of a preliminary sarvey, to the complete map. Its Mopa 
is limited to field and office drawing, and nothing else is treated of, but ohst 
relates to, or is illnstratiTe of| those departments of Topography. 

With regard to the eiplanatorj figures, the greater part of them are auto- 
graphic, and, of coarse, inferior in point of eiecutioa to the fine engravings that 
□snally accompany lach works as this. The author would plead that they ara 
intended rather as illusbatioa* of methods than speoimen* of style; and ihat 
the student is more familiarly and intelli^bly addreued by means of the pen 
and ink, than by the unapproaehable perfeotjon of copper-plate. 

The conventional signs everywhere in lue, are thoee here employed and 
explained, bat all arbitrary and unnecessary multiplication of them has oeea 
•tadiously avoided. 

Wnai Porai, N. T. 
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INTllODUCTION. 



1. When » topographical drawing i« to be made with the pea, upon Domy oi 
Roynl paper, Buleet the emooth side of it, and diaw the rectangle intended to 
oontain the map, in the middle of the sheet. To do tiiia, find the interseclioD of 
the two diagonal! of the paper, by laj^ing a rale from comer to comer, and 
drawing light peooil linee near the middle. This intersection will be the middle 
of the aheetj with which die eenbe of the drawing must coincide. Draw 
through this central point a lino parallel to the lower edge of the sheet, then 
perpendicular to this, and through the same central point, another line. Tb« 
former of Iheae central lines will give the direction of the upper and lower baaea 
of the drawing, and the latter that of the upright sides. L«f oS, from the 
eentral pdat, to the ri^t uid left, on the horizontal central Ibe, diatancea 
equal to hdf the base of the required rectangle, and through the points thua 
found, draw lines parallel to the upright central line : these mil be the lodeliQite 
Bpright aides. Then through two points on the upright central liue, at dis* 
tances above and below die centre equal to half the altitode of the required 
rectangle, draw line* parallel to the horizontal central line, and these will com- 
plete-the rectangle and form its upper uid lower bases. 

S. If the drawing is not a square, the longest line of its tnarg^ most be hud 
In the direction of the longest edge of the paper. 

S. When a drawing is to be finished with the pen, it should be alwayi borne 
in mind that the lead-pencil is used only as a guide, or preparation for the pen, 
and that all pencil lines, without exception, must be drawn t«ry lighUy, with a 
moderately hard pencil, finely pointed, which being drawn two or three timet 
«Ter a line with a very slight pressure, will produce a mark which may be seen 
w«j distinctly, and be easily rubbed out afterward*. 
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XII IHTBODUOTIOK. 

4. Rnlsd i«iMil lines Bhoald be dnWD a little bejood their euct length, foi 
in going OTer them ifterwaniB « ith a pea, their interaectiona can be mora readily 
diatiDguiahed b; meaot of these projeeUog ends of Ifae Uaes. 

b. la copyiog from a diawing, it is tuual, in urder to facilitate the getting in 
of the outline, to draw a Damber of liaes of eooe aimple anangemeat apou tli* 
model, and to do the aame with the rectangle in which the copy is to be 
made, l^e eaaiest method i« to divide the drawing into squares, whose aides 
are in direcliou parallel to the margiu liuea respecliTelf, and in length some 
mu1ti{de of tlie shorter ude of the drawing, such lu J, -|^, or -fg. It is evident, 
however, that any kind or uumber of lines drawn upon (he model will answer 
the same purpose, provided the proposed eopy is treated in exactly the same 
manner. Haviag, then, these similar systems of lines, it will be easy to cause 
the outlines in the eopy to pass through squares corresponding to those of the 
model. This process at once suggests the method of enlarging or reducing' a 
drawing by increasing or diminishing the sides of the correspondiug squares. In 
comparing the proportions of umilar drawings, linear measure is always used; 
e. g., a drawing is said to be twice the size of another when it U twice as high 
and twice as wide, thongh it contains four times the surface. The squares must 
be drawn in pencil, and lightly, as they would disfigure the drawing if they 
eonld not be entirely removed. 

6. Indian Ink is osed in finishing pen drawings. It donld be of the best 
qnatl^, which insures its quick and perfect mixture with water, and should be 
rubbed up perfectly black, in a small plate, as pale ink makes the boldest draw- 
ings look weak. To i«st its blackness when mixed, take some in a pen, make 
a pretty broad mark with it upon white drawing paper, and wslt until it dries, 
when it will display its true strength. Afler it has become black, it is ready 
for use, and any further miiing will make it viscid. 

7. The steel pens now so generally used are perhaps the best for drawing, 
and tend to produce, by their snpeiior durability, an evenness of style. The 
pen should be not too elsatic, nor should it be easily turned from its direction 
Dy an increase of pressure upon it Bome draftsmen prefer quill pens, which, 
when of a good quality, well nude, and frequently renewed, are certunly unob- 
jectionable. 

8. Pencils, as before remarked, should be moderately hard for line drawing, 
Faber's No. 8, or Wolff's HHH are of the proper hardness. They should U 
pointed by rubbjog them on a piece of fine sand paper. (Par. 8.) 

9. Id general, all tinea drawn by hand (that is, without rnlmg), are more 
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INTBODnOTION. nu 

Mia; drawn toieatds ihe Icdg ; and with ttiia view, a topogTsphiual drawing 
ahoold be turned on the table in any way lliat will facilitate that manner af 
drawing. Roied lines are more ooDTenieDtly drawn from left to right (alwayi 
along the npper edge of the rnle), and for tbat purpose aluo the drawing should 
li« turned b any direction. But in copying the outlinei by the eye, both the 
model and the copy must be placed upright before the dransman, «o that the 
line he ia engaged in drawing may be really parallel to the one he ia copying. 

ID. No {tTK Ihat is meant to be a straight live should be drawn b^ hana 
Right lines, whether in pen or pencil, must invariably be ruled, no matter how 
short they may be ; and if in ink, should he drawn with the right-line pea Nor 
should a right angle ever be gvested aL All square comers, whatever be the 
shortness of the lines forming them, must be coDstract«d with the proper instru. 
meat Parallel lines also, no matter how short, must be eonilnieled. 

11, In making- or copying a drawing, begin with the principal lines in it ; for 
example, if a broad stream or an extended sheet of water be represented, begin 
with that ; then proceed to the roads, and smaller streams. Prepare everything 
completely in pencil, before taking np the pen to finish ; for in dobg so, the 
progress of the work ih more satisfactory and apparent. 

13. In copying lines which are so close together as t^at many of them arj 
contiuned in a dcigle square (which is sometimes the case with horizontal curves), 
Ihat square can be subdivided on the model and on the copy, by joining the mid. 
die points of the opposite ddes, so that one sqnare will be made into four. Or, 
only alternate curves may tie studied and drawn, and the intermediate ones can 
afterwards be easily introdnced. i 

12. Let Ihe drawing be kept clean. A piece of thin paper should be con- 
stantly interposed between its face and the draftsman's hands. The ink plate 
should be kept on one side, and never in front of the drawing Preserve the 
paper on which the drawing is in progress from being bruised : it should never 
hang over the edge of the table where the body or anna can press npon and 
bnakit. 
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TOPOGRAPHICAL DRAWING. 



1. ToPOOSApHT is the art of describing the minute features 
of the earth's surface. Topographical Drawing consists in 
representing, bylines, or some other conventional expressive 
means, the exact shape and figure of the ground in a particu- 
lar locality, as well as the dimensions and positions of all 
objects situated upon its surface. Two classes of objects pre- 
sent themselves for description ; the one natwal, including, 
1st. — mountains, of every extent, their slopes, their rocky sides, 
their gorges and valleys, and in general, every inequality in 
the surface of the ground ; 2d. — bodies of water, as the eea, 
rivers, brooks, lakes, ponds, and marshes ; and 3d. — all natural 
productions or conditions of the ground, such as forests, heath, 
meadows, sand, &c. The other class comprises artificial works, 
such as buildings, inclosures, cultivation, roads, &c. Of this 
latter class, buildings may be divided according to their im- 
portance, as churches, country-seats, farm houses, &c. In- 
closures may be variously represented as ditches, hedges, 
walls, or fences. The different kinds of cultivation need not 
to be discriminated ; but where a distinction is desired, it is 
better to display it by lettering the ground neatly. Roads, or 
communications, are distinguished aa turnpikes, railroads, 
canals, cross-roads, foot-paths, fords, Ac. 

2- Every topographical drawing addresses itself to the eye 
as if the spectator were situated above, and looking down 
equally upon every part of it. In representing therefore upon 
such a drawing the relative positions and the dimensions of 
objects, accurate measurements, according to some assumed 
Bcale, are. used, and distances are laid off, as in any other plan- 
drawi'ig," But in expressing the nature of objects, many of 
1 
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them not being boanded hy mathematical or regular Jnes, 
recourse is had to certain conventional means, universally 
agreed upon among draftemen. In some instances, the ei^a 
thus used are made to resemble, in some degnee, the objecta 
for which they stand, as in the case of forests, rocks, meadows, 
&c. In otlters, tliey are purely conventional, as in the 'jase of 
bills, water, maisb, &c. The pen, the brush, and the pencil, 
by means of lines or colors, offer facilities for topographical 
drawing, which it is proposed to consider in the order in wbicli 
they are mentioned. 

3. The first characteristic to which we naturally direct onr 
attention in regard to the topography of a locality, is the 
variation in the snrface of the ground, with reference to hill, 
valley, and plain. The two general systems of delineating 
with the pen these important features, will first be noticed. 

' These are called, respectively, the horiztmial and the vertical 
system. 

4. First. The Horizontal "S/stem,— This consists in intersect- 
ing the inequalities of the ground by a series of horizontal 
planes, at equal vertical distances apart, and " projecting" upon 
the map the curves in which these planes intersect the surface. 
To explain thb process by a familiar illustration, let us suppose 
a hill, rising out of the water, as in J^iff. 1, where such a hill is 
represented in profile — AB being the water-surface. If we 
should walk completely around the base of this hill, exactly 
along its water-mark, we should follow a perfectly level, or 
harizonial curve, for it is formed on the hill side by the horizon- 
tal surface of the water. This water line may then be called, 
a curve " cut out of the hill hy a horizontal plane^' and, as 
such, we may measure its dimensions, determine its propor- 
tions, and draw, or " project" it on our plan. 

5. Suppose, now, the water to rise one foot. A new curve 
will be defined on the hill-side, in a manner similar to the 
first, and at a vertical distance of one foot above it at every 
point. This new curve will possess properties similar to 
the first one, and may, like it, be determined and projected. 
CD is the plane of the second curve. In the same manner, 
the planes of otlier curves, at the same vertical distance apart, 
may be conceived, and the curves measured and drawn, as EF, 
GH, IK, and LM. 
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6. Let the curves now be projected upon a horizontal plane ; 
tiiat is, enppose the eye to be placed above the hill, so as to 
look directly down npon every point of its snr&ce. The curvea 
will then be drawn, as in Fig. 2 (the shading lines excepted). 

7. In this topographical plan, each of the horizontal curves 
gives us, throDghont its length, an exact idea of the shape of 
the ground. If we know (aa is always known from the other 
parts of the map) that the mner, or smallest corce, is elevated 
above the others, then we have the representation of a hiU. If, 
on the contrary, the ovier curve is elevated above all the 
others, then our drawing represents a hollow. 

8. In the spaces between these horizontal curves, or sections, 
we are necessarily left in ignorance of the precise form of the 
ground. But our knowledge will increase with the number 
of curves we have ; and if they could be drawn at very small 
vertical distances from each other, or nearly in contact, we 
should have an almost perfect representation of the slope. 
This, however, is neither practicable nor necessary, for when 
we have obtained euch a number of sections as will furnish a 
knowledge of the ground sufficient for the purposes required, 
(and this number may be increased according to the require- 
ments of the case), it is allowable, and customary, to consider 
the ground between any two sections aa sloping unifomdy. 
The space between any two of these curves is called a horizoTi- 
tal zone. This zone may be considered as generated by a 
straight line, placed in the direction of the slope of the zone, 
and touching hoth of the curves, and which, being kept nor- 
mal* (perpendicular) to the v/pper one of the pair, is moved 
aronnd the hill, fulfilling constantly the above conditions, until 
it returns to the point whence it set out. The successive posi- 
tions of this line are the elements, constituting the surface of 
the zone. 

9. A comparison {Figi. 1 and 2) of the curves with the cor- 
responding profile, will show that where the hill is steep, the 
horizontal sections are projected close together, and that 
where the hill is not so steep, they are projected at a 
greater distance from each other ; and in proportion to the 
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proximity or remoteness of the KCtions, is the steepness or 
gentleness of the declivity. This proportion will always exhibit 
the relative degrees of the slope at any part of the surface, 

10. In order to find tlie actnal inclination of a zone at any 
place, find the element at that place by drawing a normal to 
the upper curve of the zone. Construct, with the normal line 
m n {Fig. 2) so found, as a base, and with the known vertical 
distance between the sections as an upright, a right angled 
triangle ; its hypotheuuse will be equal to the true line of the 
slope, and the acute angle at the base will be equal to the angle 
of inclination required. 

Tliis triangle ia seen at ACa {Fig. 1), and the angle CAo 
19 the angle of inclination. Or construct, for all cases, a acide 
of inclinations, as follows : — Draw the lines AO and OB {Fig. 
3), forming a right angle at 0. Lay off with a protractor, the 
lines O 5, O 10, O 15, O 20, &c., making, with OB, angles of 
5°, 10°, 15°, 20°, &c., successively up to 45°. To use this 
scale, draw the line CD parallel to OB, and at a distance above 
it equal, according to the scale of the map, to the vertical dis- 
■tance between the horizontal sections. Having, as aforesaid, 
found the normal at any point, take its length in the dividers 
(or compasses), set one foot of the dividers at C, and the other 
towards D, on the line CD, and observe its position with re- 
gard to the intersections of CD with any of the lines O S, 10; 
(fee. For example, should the length of the normal be Ce, the 
inclination is 5° ; should it be Gg,.\t is 10° ; should its extre- 
mity fall at/", midway between e and g, tlie inclination is 7i°. 
If it fall at a point not easily determifled as to its position, 
draw a line from O through it, and measure, with a protractor, 
the an^le formed with OB. This scale may be made more 
exact, lay laying off angles of less than 5°. 

11. To eliow how these horizontal sections contribute to the 
knowledge of forms, Figs. 4, 5, and 6, are plans and profiles of 
the pyramid, cone, and lieraisphere. Tiie upper portion of 
Fig. 4 is an elevation — that is, a vertical view, or " projection" 
of a square, right pyramid. It exhibits the vertical dimen- 
sions. Suppose tliia pyramid to be three inches in height, and 
to be made of wood, or some soft material. Drill a fine hole 
from the apex to the middle of the base ; it will pass through 
the central linej or axis, of the fignre, and will be perpendica- 
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lar to the base. Suppose, now, that we saw or cut the pyra 
mid into six slices, 1 inch thick each, by passing the saw 
parallel to the base at each cut. Set up the pyramid again, 
pass a stiff wire or needle through the drilled axis, and place 
it upon a sheet of paper on a horizontal table, so that one ol 
the lines forming the base shall be parallel to, or coincident 
with, a right line drawn on the paper. Press the wire-axis, so 
as to mark the centre of the base, and draw a pencil line 
around the base of the body. This will be the lower outline of 
the undermost zone. Remove now, the lowest slice, and let 
the next one above -come down upon the paper, keeping the 
axis in the same place, and the sides of the base in the same 
direction as before. Draw a line around tiiis new base with a 
pencil, and it will give the upper outline of tlie undermost 
zone, or, which is the same thing, the lower outline of the 
zone next to the lowest one. By repeating this operation in 
the same way, we shall obtain the upper and lower outlines of 
all the six zones of the figure. The upper outline of the upper 
zone is the apex, and will be represented by one point, in the 
middle of the base. The sections of such a pyramid will 
thus be found to be a series of concentric squares, whose ver- 
tical distance from each other is the assumed thickness of the 
slices into which it has been divided, and whose horizontal dis- 
tance apart is the base of a right-angled triangle, whose per- 
pendicular and hypo then use are respectively the vertical 
thickness of the zone, and- the length of the normal, or true 
■ elope of the zone. (See Fig. 4, at a, h.) 

The same metliod of demonstration, and the same remarks, 
will apply to the cases of the cone and hemisphere ; and an 
examination of the figures (5 a/nd 6) will show the manner of 
drawing, and connecting the vertical and horizontal projections ' 
(or the devationa and plana) of those bodies, when treated in 
the same way as the pyramid we have been considering. 

The sections of the cone (a right cone with circnlar base) 
and of the hemisphere are concentric circles. In the case of 
the cone they are equidistant, and their horizontal distance is 
found as in the pyramid. This eguidiatance of the seoUons 
indioatea a uniform, dedi/oity. In the hemisphere the upper 
sections are more removed from each other than the lower, and 
the horizontal distance between them diminishes rapidly as we 
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approach the lower ones, vhich indioaiea an iruveate ma t7u 
(frx-livilt/ {J^ff. 6). The e;e should be familiarized with thia 
kind of projection, so that a distinct idea of the form of any 
object may be received or conveyed by -means of sections cnt 
out by equidistant horizontal planes. 

12. We have tlius &r considered a hill as given only by snob 
a number of sections as could, or needed to be accurately de- 
termined by survey or otherwise, assuming the slope bet^veen 
tliese determinate sections to be uniform. But we eaa now 
till up this skeleton plan, and draw any desired number of 
curves in each zone, by dividing and snb-dtviding the normala 
by medial sections. K we draw tlirough the middle points of 
tlie normals of any zone a medial line, we shall have (by the 
principle — I'ar. 11 — that equidistant sections indicate uniform 
elopes) a new curve cut out of the surface by a medial hori- 
zontal plane. Dividing medially tliese secondary zones, we 
shall obtain two more auxiliary curves, and so on for any 
number. 

It is upon this principle that drawings are filled up or shaded, 
in the horizontal system. When we have determined and pro- 
jected a sufficient number of curves, so that the assumed uni- 
formity of slope between them does not differ essentially from 
the truth, we can proceed to fill in, without constructing them, 
as many curves as it may be desirable to have in the spaces 
between the determinate ones. And if we keep always the 
same number of shading lines within each pair of cnrves, they 
will, by their proximity or remoteness, as the width of the zone 
diminishes or increases, serve to show the relative steepness of 
the slope. The darker shade produced by their drawing closer 
together, and the lighter color caused by their separation, will 
' contribute to the same effect. And it is from this {in con- 
nexion with vertical illumination, which will be referred to in 
explaining the vertical system) that has been derived the con- 
ventional idea that a dark color represents a steep slope, a 
lighter color a more gentle one, and perfect white a level. See 
i^ig, 1 for an example of this raetiiod of finishing hills. 

13. Pkaotigal DiEEonoNS and Eemakks on Deawino a Hiu 

ACOOEDINa TO THE HoKIZONTAL StSTEM. 

Having prepared the outlines of the drawing in light pencij 
lines, including the skeleton curves of all the hills or hollows, 
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proceed to finish with the peo and ink. In commencing th* 
shading lines, place the drawing on the tahle so that the sum- 
mit of the hill shall be towards the left hand (see Fig. 2). Then 
draw (toward^ the body) as many lines within the highest pair 
of curvee (say six, more or less, according to the large or small 
scale of the map), as you intend to put in each horizontal zone. 
Thus, if the determinate curves are constructed at a vertical 
distance of one foot apart, our auxiliary ones will be abont two 
inches apart vertically. If the scale is smaller, and the deter- 
minate curves are drawn six feet apart, our shading lines will 
have a vertical distance of about one foot. Draw the lines 
with firmness, and let them have a length varying from about 
1 of an inch to about I of an inch, according to the width of 
the zone, that is, according to the greater or less degree of 
declivity {Fig. 2, at o and p). Where the hill is steep, the 
lines are heavy and short ; where it is less steep, they are 
longer and lighter, and in approximating the level they 
must be drawn as fine and clean as possible. Let them divide 
equally the space between the curves. Gk) all around the 
hill in this manner, in each zone, before commencing Uie 
one next below it, turning the drawing on the table so as to 
draw always towards the body, increasing or diminishing the 
distance between the lines as the width of the zone varies, so 
that they just fill the zone evenly ; and finish by joining them 
together where they began. Proceed in lite manner with the 
second zone, and so on to the bottom of the hill. Inasmuch 
as we have the form of the hill accurately defined in pencil by 
the skeleton of curves, it is not absolutely necessary that, in 
shading, the accessory curves should be rigorously contimtous. 
A slight variation in their position at the joints, provided they 
do not wander out of their zone, imparts a degree of freeness 
to the style. Be caretbl to connect the sets of lines together, 
end to end, so that the groups shall not be separated by a va- 
cant apace {Fig. 3, at ?■), or be overlapped by thrusting the lines 
of one group between those of another {Fig. 2, at a). Endeavor 
to obtain a clear, even tint. Do not let the junctions of the 
groups in the different zones form continuous lines down the 
hill {Fig. 2, d, d), but let them " break joints," by frequently 
bringing a junction opposite to the middle of the group in the 
Eone above {F^. 2, at e, e, e). 
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14. When & drawing of a hill is finished according to tliia 
BTStem, and the pencil lines removed, the zones formed by the 
determinate curves are no longer distinguiBhable, and the 
means of ascertaining actual heights and inclinations are lost ^ 
This difficulty may be obviated either by marking the deter- 
minate curves by light lines of red, and numbering them ac- 
cording to their vertical distance above or below a certain 
assumed level, and from each other ; or by writing upon the 
map a statement of the vertical thickness of a zone, and bow 
many auxiliary sections are contained in it. 

15. Whenever this horizontal system is used in representing 
slopes, the conventional sign for bodies of wat«r consists only 
of a narrow strip of tint, or shade, produced by short lines 
drawn parallel to the hose of the drawing. Draw these lines 
towards the body, and from the shore outwards, having first 
defined the width of the" strip by means of a line pencil line 
(Fiff, 1 at A). 

16. The other method of representing hills, which is called 
the Veetical System, is now to be considered. It consists in 
expressing the inclination of a hill-side, by drawing its lines of 
greatest descent. The two required elements are both to be 
exhibited in these lines, viz. the direction and degree of the 
slope. The direction of any line of greatest descent (which is 
the true direction of the slope or inclination), is obtained by 
considering the horizontal sections of the surface. Let us sup- 
pose a hi\l{J^ig. 3) given hj its curvee. If, from the summit of 
this hill, we suppose water to flow, or a round mass or body 
to be rolled, it will evidently, under the influence of gravita- 
tion, seek the lowest point, and that by the shortest line. This 
path, so described, will be the " line of greatest descent." It is 
further to be observed, that this line will be found constantly 
perpendicular (normal) to the horizontal sections. For any de- 
viation from tliis direction {Fig. 2, f, g) displays a spiral ten- 
dency, or a tendency to move around the hill, which cannot be 
imparted by gravitation.* Having then the horizontal sections 
given, we can always draw, perpendicular to them, any num- 



* Any deiiation Irom a directibn perpendicular to tlie horizontal lisw is nt 
■pproximation towards a lins of no descent end in »o far, a departure from ■ 
line of greateii deeceat 
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ber of lines of greatest descent, thereby obtaiaing a complete 
knowledge of the direction in which the ground slopes {J^ig. 15). 

17. The other, equally impoi'tant, element of the inclination, 
viz, its degree of declivity, is expressed by means entirely con- 
ventional. Two methods have been adopted tor tliia purpose : 
one depending upon the principle of vertical illumination, in 
which the maximum light is reflected upwards to the eye by a 
horizontal surface, and a minimum by a surface inclined 45" to 
the horizon. The latter, being the steepeat slope at which earth 
will stand, is taken as tlie limit of least illumination. Hiis is 
the English and German convention, and lays more stress on 
the ditferent proportions of black to white in indicating the 
degree ol slope, than upon the distances between the shading 
lines. The other method (the French) makes its expression 
depend more upon the distance between the lines of greatest 
descent than upon the color produced, althongh in it also the 
tint is graduated from dark to light, or white, according to the 
declivity or level to be shown. These two metliods of deline- 
ating hills will be considered in the order in which they are 
named above. 

18. "When the surface of the ground is illuminated by verti- 
cal rays, it is evident tliat the level or horizontal parts will 
reflect upwards to the eye (which is supposed to be situated 
vertically above every point of the map) the greatest quantity 
of light, for the incident rays then coincide in direction with 
the reflected ones, the rays of light being supposed to be paral- 
lel. But when a vertical ray falls upon a surface inclined 45", 
the reflected ray will be horizontal, since both rays make 
angles of 45° with the line drawn perpendicular to the surface 
{Fls. 8). 

19. The natural limits of the declivity of slopes being 45° for 
the greatest, and a dead level for the least, it is required to 
apportion the illumination between these limits, taking black 
to represent a slope of 45'^, and white a horizontal plane. Di- 
vide the line A B {JP'ig. 9) into ten equal parts, corresponding to 
the ten steps of a gradation (by 5° at a step), from a level to 
a slope of 45°. TTpon the line C D, below, represent in these 
divisions, the different inclinations, viz. a level, a 5° slope, a 
10", 15", (fee, to 45°. The level is perfectly white. Then there 
are nine degrees of color to be determined, from 5°, which ia 
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the lightest shade, to 45°, wliich is black. Divide sow eacb 
of the ten epacee of A B into nine eqaal parts. To exhibit the 
proportion of bUck to wliite in a slope of 5°, make one of tlioso 
parts black ; for 10°, make two hlack ; three for 15°, and sc 
on to 45°, where all nine parts are black. 

20. This scale of color shows the following proportions of 
black to white for all the inclinations (differing bj 5°) from a 
level to a elope of 45°. All the nine parts of the part of the 
scale corresponding to the level are white. In a 5" slope, 
one part of the nine b black, allowing a proportion of black 
to white as 1 is to 8. In 10° two parts oat of the nine are 
black, allowing a proportion of 2 : 7, or 1 : 34- For 15° the 
proportion ia 3 : 6, or 1 : 2. For 20°, 4 : 5, or 1 : H. For 
25°, 5 : 4, or IJ : 1. For 30°, 6 : 3, or 2 : 1. For 35°, 7 : 2, 
or 3i : 1. For 40=, 8 : 1. For 45°, all ia black. Eipreesing 
these proportions in the form of ratios, we ahall have the fol- 
lowing table, in which the numerator signifies the quantity of 
black, and the denominator the quantity of whit^: — 
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21. To reduce these ratios to practice in the drawing of shad- 
ing lines, the foor horizontal strips, below the linea E F, G H, 
I K, and L M {.Fig. 9), show how the black portion of each 
set of nine parts is divided up into linea of proper thickness 
for use. For example, in the atrip E G of the rectangle 
orsj) which corresponds to the slope of 5°, the 1 black part 
to 8 of white, or 1 to 8, is divided into two black linea of half the 
thickness of the firat black part, ahuwing a proportion of 2 ; 16, 
Each of these lines is, in the strip G I, divided into two of half 
tlie thickness of those in E G, making four shading hnes, show. 
ing a proportion of 4 : 32. Dividing these in the same manner 
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we obtain, in the strip I L, a proportion of 8 ; 64, and in th« 
next atrip below, of 16 : 128. {See Par. 45.) 

22. It remains to show the use of this scale, in expressing, 
by the ratio of black to white, the degree of inclination of a 
Blope. For this purpose the scale must be cut off along the 
line L M. The part L C D M will then furnish us, along thfl 
line L M, with a graduated edge, by means of which the dis- 
tance between the centres of the shading lines can be marked 
o£f, and the line D will show the different slopes to which 
the graduation corresponds. 

Having now the horizontal sections of a hill given, write 
upon it with a pencil, in as many places as necessary, the degree 
of the inclination (See Par. 10), and bring the line L M of the 
scale tangent to the upper curve of tlie zone, at that part of 
the scale corresponding to tlie inclination we are required to 
express, andmark otf from its edge tlie distances between the 
centres of the shading lines. Through each of the points thus 
determined draw a line of greaiest descent (See Par. 16). Copy 
from the scale, for each group of the lines, the exact proportion 
of black to whit«, and the color in each zone will then express 
the degree of the slope, and the Hne of greatest descent will 
show its direction. 

23. From the foregoing we deduce the following two practi- 
cal rules. To find the ratio of black to white for any given 
slope : PiUe 1. Subtract the given inclination from i5°for a 
denom/i/nator, and take the given inclination for a nuin&rator, 
and we shall have the ratio as in the table in Par. 20. Apply 
this, for example, to the expression of a 20° slope. Take 45° — 
20° — 25 for a denominator. The numerator is 20, hence |i, 
or i is the ratio (see Par, 20), of which the numerator repre- 
sents the black. To find the inclination, the ratio of the black 
and white being given, or having been observed from a draw- 
ing : Rule 2. Multiply the numeraiar of the given ratio hy 
45° ^tw a new numerator, and add together its ■mimerator and 
denominator for a new denominator. Reduce the fraction. 
For example, jn reading a drawing, we find in a certain part 
a ratio of black and white expressed by the fraction {. Then 

— ■ - - = = 25 — the inclination required. 

24. In the above calculations, as well as in the scale of shade, 
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DO variations of less than 5° have been regarded ; hot ecnallef 
differences may be used, if desirable, and tbe scale drawo^ and 
tbe ratios calculated in tbe same manner. 

25. In representing declivities by this method, considerable 
practice is required. This should be commenced by drawing 
repeatedly the scale of shade, particularly the last subdivisions 
of tbe black part into lines, so as to apportion accurately tbe 
black line to its adjoining white spaces, in such a manner as to 
express with readiness, any of the angles of inclination into 
which the scale is divided. Then the line may be applied to 
express the varying inclinations of the same, or of different 
zones of a hill. 

It is not, however, to be supposed possible that every angle ' 
can be expressed in the exact proportions of the table of ratios. 
The most experienced eye and hand are liable to deviate about 
2° from the truth, in estimating angles less than 9" and greater 
tlian 34°, and about 1° in estimating the intermediate angles. 
But it is seldom necessary to approach nearer than this to the 
truth. 

7v 26. The other method (the French) of expressing convention- 
ally the degree of inclination, by means of the distances be- 
tween the centres of the lines of greatest descent, will now be 
considered. In discussing this system, slopes are expressed by 
a written fraction, the numerator of which is unity, and gene- 
rally stands for the vertical distance between the horizontal 
sections, and the denominator is the horizontal distance between 
them (or the normal, see Par. 10), expressed in terms of the 
vertical distance as a unit. For example, let a h {Fig. 10) be 
the profile of a slope, cut by horizontal planes at a and h; call 
h o\ (unity), and designate the line a ohy e. Then the slope 
will be represented by J-. If S c is contained three times in 
a c, then the expression for the slope will be J, and so for 
any other relation between the base and perpendicular of the 
right-angled triangle ah c. Tlie limits between which slopes 
are represented in this method, are f or 45° for the greatest, 
and tV, or 0" 53' 43" for the least — all slopes less than the 
latter being regarded as levels. The largest scale that will 
admit of conveniently drawing the lines of greatest descent, is 
jij of the full size, or 6 inches to 100 yards, being about S| 
feet to a mile. In drawings made to this, and smaller scales, 
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the vertical distance between the horizontal sections is gene- 
rally taken one yard. For the aeale of jj„ we shall hare, ai 
the least width of zone, rJj of an inch, and for the greatest, 

6 84 . , 

__.x64=8^^,i,ches. 

To fill a zone wider, or even as wide as this, with lines of 
descent, would be inconvenient, and unnecessary. 

27. In order to determine the interval between the shading 
lines for any given inclination (which interval is always rec- 
koned from centre to centre of the linea), we have the follow- 
ing rules : — 

Rule 1. To the distance (measured along the line ofgreatest 
descent) between the upper and lower curves of any sone, add 
three-tenths of an inch; a sixteenth part of this ^um, wiU he the 
proper intervoZ for the shading lines. For example, if the 
given inclination is j^^, the scale being ^J,, and the zones 1 
yard thick, the width of zone for t\ will be .06x60=3.60, or 
Si*^ inches ; to this add fV of an inch, and divide by 16, and 
we have 

If the inclination is \, we have 

.06+.3 .36 . , . 

— rr— = —=0.0325 inches, Ac 

28. To save the labor of calculation, the following is a prac- 
tical method of laying off these points by the eye. Cut a rec- 
tangle of paper, the side A B, of wLich (see I^ig. 11) must be 
equal to f\ of an inch. It is requira 1 to apace off the shading 
lines at MN, which is a line of greatest descent. Apply the 
rectangle near the middle of MN, with the side AB laid in 
the direction of the middle of the zone, and towards the left. 
Prolong AB to Ihe right, and make BE equal to MN. Then 
AE will be equal to the width MN of the zone, plus i^ of an 
inch — which distance is to be divided into 16 parts. Now, by 
the eye (or with co'npaases, until the eye is sufficiently prac- 
tised), halve the line AE at o, quarter it at p and r, treat the 
quarters Ap,po, or, and r£, in the same manner, and through 
each of the 17 points so found, a shading line is to be drawn 
ucrosB the zone. 
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29. When the cnnrea are nearly parallel, we can easily io this 
manner, determine seventeen lines at once. Bnt when the cnrvet 
depart from each other rapidly, the lines of greatest descent 
also diverge proportionally, and a right line drawn normal to 
the npper curve, as at O {J^- H), will have departed from 
the path of greatest descent GI, when it reaches the lower 
curve at H. It therefore hecomes necessary to correct its 
direction. This is done by dividing the line of greatest descent 
into four or more parts, and thus determining three or more 
taedial sections (see Par. 12). The true line of slope (Jl {Fig. 
11) is thus divided, and by similarly dividing others, as at 
TZ, &c., we can draw the auxiliary sections ah, od, and ef. 
These sections being approximatively parallel, we are now pre- 
pared for the application of 

30. JluU 2. To a quarter of the distance (measured as before) 
between the upper and lower curves of amy zone, add t Jii of an 
inch; a fourth part of the sum. will he equal tofou/r intervals. 

Cut a rectangle of paper aa before, whose side A'B' shall be 
rU» of an inch. Apply A'B' to the middle point of the nor- 
mal drawn at F {Fig. 11), Make B'P equal to FK, and divide 
AT into four parts, by halving and quartering as before. 
This will determine 5 lines, to be drawn as far as the auxiliary 
section oi. Apply A'B' to the left of the second normal KL, 
and determine four lines of the second auxiliary zone, and so 
on for LO and OQ. 

31. These rules have for example's sake, been now applied 
to a drawing made on a scale of ,t,. Let it be supposed "that 
the scale is Ti^sri or 1 foot to 1 mile. In this scale it la suffi- 
cient to consider the curves as being 2 yards apart vertically. 
Then the least width of zone will be 0,0136 inches nearly, 
which is very small, while the greatest width will be 0.870i 
inches. Now, for a slope of \ or 45°, the Ist Eule will give for 
the intervals 

.0136-J-..-) .3136 

or tJi of an inch, nearly ; and for a slope of ^i, we shall have 

.87+,S .90 
-^-=-=0.05626, 

or 51 hundredths of an inch. This is a small scale, and ig 
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adapted to exhibit a portion of the ground from ioni* to eight 
milea stjuare. 

32. Having now established the interrals of the shading 
lines, it remains to regulate thoir thickness, or breadth, so as to 
assist in expressing the declivity. For this purpose, they will 
vary directly as the inclination, agreeably to the following 

Mvle 3. Jihr a slope of |, the thichness of the shadmg line* 
is equal to two-thirds of the distance hetioeen their centres, and 
their thickness will ditmnish wiih the i/nclina&on, down to jV, 
where the lines wiU he as fine as they can he draion. This rule 
will always, in a slope of |, make the shading lines twice the 
breadth of the -white space contained between theyn {Fig. 12). 
Thus, for a scale of ^Jj, the zone being 3 feet in height, and the 
slope }, we shall have for the intervals 
.06+. 3 .86 



tworthirda of which, or 



.72 



or IJ hundredths of an inch, nearly. If the scale is jjVs) ^* 
zone being six feet high, we shall have the intervals for a Blope 
off, 

■013_6+.3 .3130 
16 ~~ 16 
two-thirds of which 

.3136X2 .6272 

___ =__=.„,„, 

or nearly 14 hundredths of an inch as before ; in both these 
{and all other) instances, the shading lines decreasing to the 
finest line, to express the slope of jV* 

33. In regard to the length of the shading lines, no absolute 
mle needs to be laid down. Aa there is no contemplated rela- 
tion between the declivity and the length of the shading line, 
this part of the work is left to the skill and discretion of the 
draftsman. It may be remarked however, that if we confine 
their length to the width of the zone, their thickness, in a elope 
of ^, would sometimes exceed their length; and in a slope of ji|, 
they would often be too long for convenience. In the latter case, 
Ihie difficulty is obviated by dividing the zone {Pa/r. 29) ; and 
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in the former, it may be observed, that the Ui.es laay tc drawn 
across 4 or 6 zones, more or less, according to the scale, and 

other circumstances. Tlie extremes of leiigtli for ordinary 
scales, may be set down at | or | of an inch for the steepest 
slopes, and about I of an inch for the gentleht. Some further 
practical directions will be given on this subject hereafter. 

34. Upon every drawing made in accordance with the above 
rules, there should be placed a scale, which should conve- 
niently shew the relation between the width of tbe spaces and 
the slope of the ground at any part of the map. 

The following is a convenient form for this scale : — Divide a 
line AB {JFig. 13) into 64 equal parts, by setting off from A 
towards B, 64 spaces of (say) I'j of an inch. Number the divi- 
sions from A to B, calling the point A zero, and B 64, Let 
fall ptirpendiculars from A and B. On that at A, measure 
downwards to a, a distance equal to the width of four spaces 
corresponding to a slope of |, and at B measure downwards to 
J, a distance equal to four spaces, exiiressing a slope of ^. 
Join a and & by a right line. Let fall now, perpendiculars 
from every point of division on AB, until they intersect the 
line ah, and the scale is completed. 

To mate use of it in finding the declivity expressed by the 
shading hnes, take off in the dividers, the width of fonr spaces 
at any part of the drawing, and compare it with the lengths of 
the perpendiculars to A B. If, for example, it is found that it 
coincides in length with No. 12 of the scale, then the. slope 
expressed by that iilterval is t'j. 

35. Reciprocally, this scale may be used to determine the 
width of four spaces. For, having constructed it, as before, in 
the same scale of distances as the map to be drawn, and know- 
ing as we do, the expression for the slope at any part of the 
drawing, the perpendicular of this scale of intervals, which 
agrees by its numeration on A B with the denominator of the 
slope-ratio, will evidently be the corresponding width for four 
spaces at that place. 

36. A still more convenient practical method of marking off 
the intervals, and drawing the shading lines of the proper 
thickness, consists in the use of a tangent movable scale, to be 
applied along the horizontal corves. It shows the relation 
between the length, thxkness. and the intervals of the shading 
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lines for all elopes. Its construction and use are as follows :— 
Draw a right line A B [Fig. 14). At A, draw perpendicular to 
it, and downwards, a right line, whose thickness and length 
shall both correspond to a slope of |. This line must be 
drawn according to the scale of the map. For example, if the 
scale of the map is j^^, or 1 foot to 400 yards, the horizontal 
cnrves being 3 feet apart vertically, or ^.Jj of an inch, accord- 
ing to the scale ; then {Par. 26) the width of zone for a slope 
of I, is .03 inches. The length of the shading line will then be 
.03, and ita thickness (by Kule 3) is .0137 inches. Having 
drawn this line, of the proper length and thickness, lay off 
towards B, the first interval of the scale, which must corres- 
pond to a slope of |. By Rul3 1 {Par. 37), we have 
.03 +.3 .33 

for this interval, and for ^ we have .1387. Now, from }-, 
the slope expressed by the former distance, the intervals go on 
increasing uniformly up to j\, which is expressed by .1387. 
Tliey may, therefore, be regarded as an arithmetical series, 
whose first and last terms are .0206 and .1387, respectively, 
and whose common difference is 
.1337 — .0206 

55— =.ooi8»5. 

By adding this common difference 64 times to the first inter- 
val (.0306), we shall, by laying them off from A, obtain the 
successive intervals of the scale, "When the scale is very 
small,- the common difference may be doubled, and the inter- 
vals laid off from A, by two at a time, and afterwards halved; 
or it may be quadrupled, and four spaces laid off at once, and 
then divided into four equal parts, Undersueh circumstances, 
these will approximate, very nearly, the true division. 

This, by successive additions, is the most accurate method 
of setting off small distances. Let fall, now, through these 
points thus determined on the line AB, perpendiculars to AB, 
of indefinite length, and varying uniformly in thickness, from 
the first line at A, which is .0137 of an inch thick, to the last 
one at B, which is as fine as possible. To determine the 
lengths of these shading lines, or in other words, the width of 
the zone to which their intervals and thickness correspond, 
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itart from the first line, already uinwn of the proper length 
(i-Jt id-) at A, and from that line increase the length of each 
one, up to tlie 64th, in an arithmetical progrea^ion, whose first 
term 13 .03 the least width of zone, and the last 1.93 the greatest 
width. The common difference of this series is .03, and b; 
successive a<idittoQS (as in spacing off A B), the increasing 
lengths of the perpendicnlars may be laid off. Having done 
this, draw through their lower extremities the curve D C, 
and the tangent scale will be completed. Each division of the 
line A B is the interval between two shading lines, correspond- 
ing to a width of zone eqnal to the mean of the two perpendi- 
culars which include it. 

37. To make use of this scale it must be cut out, following 
its outline, A B C D A. Place the line A B on the draw- 
ing, tangent to one of the horizontal curves, so that the perpen- 
diculars to A B shall be normal to the cnrve, and coincide in 
their length with the width of the zone. Let the lower curve 
of the zone cut the curved outline C D, midway between two 
of the perpend iculatB. See Fig. 14, at m nand op, where the 
adjustment of the scale atmn gives the interval and thickness 
of the shading lines by means of the perpendiculars, m and 
np, which are in length and direction the normals of the zone 
ef, g h,a.tm and n. Tliis scale may thus be applied to deter- 
mine groups of lines in different parts of the hill. 

38. Although the representation of the ground is thiis con- 
formed to geometrical rules at all points, it must not be thought 
necessary to repeat the process of eonatruction for every line. 
It will suffice to do so at tliose places where the slope exhibits 
the greatest variations. Thus, a group in each zone will be con- 
structed where the slope js least, and again where it is greatest, 
then a few intermediate ones. By graduating the changes in 
the shading lines, in passing from group to group, both as tj 
their thickness and their intervals, we can easily fill the va^ 
cancies between the determinate groups. Without being ma- 
thematically exact, we shall thus obtain a result suificient for 
al! practical purposes, and as accurate as can reasonably be 
looked for in employing the lines of greatest descent. 

39. Tabular view of the width of zone, tlie intervals and 
thickness of the shading lines, corresponding to different «c-alea, 
and different heights of zone : — 
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To calcalate the values of the above different quantities, first 
find the height of zone expressed in parts of an inch, accord- 
ing to the BCale of the drawing. For example, suppose the 
scale to be tiVvi ^^^ t.he horizontal curves to be 3 feet apart 
vertically, that ia, that the height of zone is ^ feet. Since 1200 
feet on the ground is represented by 1 foot of the drawing, we 
can write 1200 ft. — 12 in., or 100 ft. — 1 in., or 100 yds. — 3 
in., whence 1 yd, — yjj inches, or .03 is the height of the zone 
according to the terms of the scale. Then the least width of 
zone (that for a slope of \) will be .03 inches. The greatest 
width (or rt^) will he .03x64, or 1.92 inches. By Rule 1 the 
greatest interval will be 

1.92+.3 2j2_^33„ 
16 18 

The Jeaat interval will be 

.03 +.3 M 
16 ' **'' "16 
which is .0206. And by Kule 3 the greatest thicknesa of the 
shading line will be J of .0206, or .0137. It will be observed 
that die actual height of zone is varied according to the scale 
of the map. This is necessary, in order to give room to express 
the curves of a steep slope on a small scale ; and if the height 
of zone and the scale bear a proper relation to each otUer, the 
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intervals and thickness of tlie shading lines for a slope of 45* 
will be nearly the same for all medium scales, only tlie max- 
imum intervals changing as the scale is enlarged or diminished. 
(See Figs. 17 and 18 for example on scales of ^^j and j^jr 
respectively. The vertical distance of the curves is three teet 
in Fig. 17, and six feet in Mg. 18.) 

40. Although in both of the methods of treating lines of 
greatest descent, just explained, the theory of the convention 
is perfect, yet it is admitted that in practice an approximation 
only is obtained, inasmuch as a great deal is left to the judg- 
ment of the draftsman's eye, and his skill of hand. Still, it is 
not only useful, but necessary, to have some fixed principles as 
a basis on which Uie art may be founded, and to which prac- 
tice may be conformed. The student ought, therefore, to make 
himself perfectly acquainted with the method (whichever it 
be) that he adopts, so as to present throughout his drawings a 
consistency in the expression of at least t!ie relative degrees of 
inclination. For popular use, on ordinary occasions, this will 
be sufficient, as almost every one who is interested in looking 
at a topographical map, will have learned enough of the con- 
ventional signs to comprehend their general intention; while 
the scale of shade, or of spaces, which should always be put 
upon a drawing, will inform those who are disposed for a mi- 
nuter reading of it, if it is geometrically correct. 

41. But as it is not always possible, either for want of time, 
or for other reasons, to attempt a complete realization of the 
theory of these methods, it is proposed to exhibit their differ- 
ent modifications between strict conformity to the rules above 
stated, and those for rough or rapid sketching of the ground 
from nature. 

42. With regard to the English method, or that of vertical 
illumination, it has been remarked, in applying it in the ser- 
vice of the TJ. S. Coast Survey, that." this scale of shade does 
not represent slopes greater tlian 45", thereby limiting the gra 
phic capabilities and effect of the map. It also makes the 
slopes too dark as they approach the inclination of 45°, and 
does not well represent slopes of less than 5°, which latter it is 
often necessary and desirable to express distinctly." A scale is 
then to be sought for by which the lower slopes may be readily 
distinguished from one another, and the graphic effect of the 
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high slopes retained. The elopes ^, j\, and }, or from 2i' tc 
11° (about), are moat frei^uently met witli in those parts of om 
eoantry not mountainous. Slopes from ^^ to jV) or from 1 J° to 
6", are such as aie usuall; surmounted by rojids. From a level 
to 25°, it is necessary to represent more elopes, and to represent 
them more distinctly than between 25° and 45", and between 
the latter hmits it is not necessary to tlistingiiiah nicely between 
every few degrees of slope. Between 45° and 90°, slopes should 
be represented for graphic effect, such as for clay banks, rocky 
precipices, Ac, hut it ia not necessary to show their variation 
for any other purpose. 

43. The scale then proposed, adapted to any part of our 
country, both for civil and military purposes, and as affording 
the means of graphic representations of all slopes useful for 
snch objects, is the following modification of the scale of 
Par. 20': - 

ape of li" is thus represented 
by the same thickness of shading lines 
as that of 24°, but the intervals should 
) doubted in the latter case, and so 
proportionally for any slopes less than 
24°. By this scale the slighter slopes 
are represented well, and wilt be readi- 
ly distinguislied from each other. Tha 
sliades for slopes less than 16' are dark- 
er than in the scale of par. 20, which 
renders their differences more observable. From 25° to 76° the 
eliades are lighter than the corresponding ones of tlie other 
scale, the distinction being here of less importance. The white 
space, for a slope of 75°, does not in this scale become too 
small for practical use. A scale in accordance with the pro- 
portions in the above table, may be constructed as is described 
in Par. 19, except that there must be eleven instead of nine 
divisions on A B, used for proportioning the black to the white. 
Its practical application is effected as in Para. 21 and 22, by 
repeated subdivisions of tlie proportion of black, until a pro- 
per thickness of shading line is arrived at. 

44. A further modification of tlie scale of shade has been 
very generally adopted in England, which for ordinarj' pur- 
poses has the advantage cT simplicity, and facility of applica- 
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tioD. It consifits in eetabliBbing with accuracy only three pro- 
poitional qaantitiea of black and white, for three medium 

slopes, viz: 15°, 22^°, aad 30°, a level being represented b; 
white, and a slope of 45° by bringing the shading lines in con- 
tact, or perfect black, Thua by Rule 2d, Par. 23, we have thia 
tabic of slopes witli their proportions of illumination : — 

A scale of shade may be at once 
constructed from this table, by asenm- 
ing the tbicknese of the shading line 
for the medium elope of 22i°, which 
thickness must be suitable to the ecale* 
and to the degree of fineness or finish, 
. which it is intended 1o give the draw- 
ing. Having drawn this portion of the scale (as at A, .^^. 19) 
with equal proportions of black and white, diminish by one 
third the thickness of the black line for the part B of the scale, 
which will then correspond to a slope of 15° ; and increase its 
thickness by one third for the portion C of the scale, which 
will represent a slope of 30°, white and black being respect- 
ively the extremes. This scale should be carefully applied to 
the map wherever the slope to be represented corresponds with 
one of the three in the scale. All intermediate inclinatioDs are 
of course indicated by graduating the thickness of the shading 
line, referring it to the regulators in the scale. (See ^ig. 35 for 
a drawing made according to the vertical system.) 

45. In Uie English and G-erman method, and in all its modi- 
fications, the thickness of the shading line in the medium slopes 
(that is, where it is nearly equal to the interval between the 
lines), is an arbitrary quantity, and is regulated by the scale 
of the drawing, by the skill of the draftsman in mastering bold 
or fine lines, by the time that may he spent in drawing the 
many or the few shading lines required, &c,, &c. Generally, 
if the lines have such a relation to the scale of the drawing as 
to present a well connected appearance, it will be found that 
fewer shading lines, and a rather coarse texture will conduce 
more to clearness of expression when viewed at ordinary dis- 
tances, than a finer texture, which has a tendency to dryness 
of style. In the French method, however, as has been before 
remarked, the thickness of the shading lines and their intervals 
are both fixed hj the scale of the drawing. 
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46. Tlie scale of shade may evidently be still fiii-ther sluipli 
Red, or, as in aketcliing in the field, it may he reduced to a 
mere graduation by the eye, of the color for the different alopea 
that offer themselves for description. As much of the data for 
topograpliical drawing, relating to extended civil works, is col- 
lected by sketching in the field, a few practical remarks on that 
subject will now he offered. 

47. Field sketches are made with the lead pencil, and may 
^(be drawn upon every page of the compass-book, or upon the 

alternate pages, at the option of the topographer. In the for- 
mer case, the bearings and distances are recorded upon the 
drawing [Fig- 16i); in the latter, tlie record occupies the left 
hand page, and tlie sketch the opposite one. The page for 
sketching shpuld he ruled in squares, with blue or red ink, 
forming thus an indeterminate scale, the length of the sides ot 
the squares being assumed at pleasure, according to the nature 
of the ground. Both the record and the sketch are read IVom 
the bottom of the page upward. Suppose the stations of the 
snrvey to be one hundred feet apart ; then, assuming the side 
of the square to be one hundred feet, commence the sketch at 
the bottom of the page — in the centre, if the survey promises 
to be tolerably straight ; if otherwise, at some point to the 
right or left of the centre, the reason for which will be explain- 
ed directly. Let the bearing from the first station (the starting 
point or zero) be N. 10" E. {Fig. 164.) Draw a line from the 
bottom of the page upwards ; the side of the square being as- 
sumed one hundred feet, number the stations upon the squares 
as far as the line is run, say three hundred and twenty-five feet, 
and write the compass angle down along this line. Let the 
bearing from the second station, or No. 1, be N. 1' W. ; draw 
a line making, as nearly as can be judged by the eye, the pro- 
per angle with the last bearing, and proceed as before. When 
the page is exhausted, commence with a vertical line at the 
bottom of the next one, marking upon it the remainder of the 
old bearing, and making, by the eye, a new series of approxi- 
mate protractions as before. If it can be foreseen, as in most 
cases it can, that the line of survey will be very crooked, bend- 
ing, for example, from left to right, then commence the beai^ 
ing at die bottom of the page accordingly, beginning at a point 
<ai tho extreme right {Fig. I6i, dotted line), and running it dia- 
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gonallj to the left, bo as to make due allowance for tlie great 
deflecEioQ anticipated in the next bearing. Such cases may be 
foreseen in rnnning around an inclosnre, or in tbllowing a curv- 
ing stream or ridge. The advantages of the system of squares 
in sketch-books completely overbalance the one disadvantage 
which is, that the diagonal bearings will not make exact dia- 
tances upon the squares, while the vertical and horizontal ones 
will. It will be remembered that the surveying book is design- 
ed to be exact only in its record and the general features of the 
ground, and that a slight change of scale is not material, as it 
can be made exact when the survey is protracted upon the map. 
By these approximate protractions, any page of the book of 
survey conveys a very just notion of Uie bearings and dis- 
tances, and of the relative positions of the general features of 
the ground. The first station being at the bottom of the page, 
{J^. 161,) note down in the space between it and the second 
one, all the features of the ground passed over by the line of 
survey; as to whether it is cultivated, forest, marsh, &c. ; 
whether it is crossed by streams, ditches, &c., and their width ; 
if it rises or falls, about what degree of slope, &c. On botii 
sides of the line introduce, according to the scale, and their 
distances, as judged by the eye, all topographical objects within 
sight, such as buildings, roads, streams, hills, &c., &c., drawing 
them to the scale if possible, and if they cannot be got upon 
the page, describing _briefty, their nature and position. In 
sketching hills endeavor to prqiect as many horizontal curves 
as possible, which should be lightly put in, and then the shading 
lines may be drawn over them. The degree of slope should be 
frequently written down in numbers upon the sketch. The 
nam^ of localities, Btreams, hills, farms, &o., should also be 
entered, 

48. Thus far we have supposed a measured line upon the 
ground, to which tlie situation and dimensions of objects might 
be referred. It is much more difficult to embody the relative 
positions and dimensions, where all is left to the eye. Here a 
cultivated judgment is of tlie greatest value. Practice alone 
can make a good sbetcher under such circumstances. Rules 
must, from the nature of the case, be few and general. In the 
first place, all objects within the field of vision are presented 
to the eye in perspective, whereas the sketch is to be a plan. 
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riie apparent diminution of dimensions in distant objects must 
tlieretbre be corrected on the plan. For example, tbe windings 
of a crooked stream, or a road, in perspective, are much exagge- 
rated in retiring into the distance; they must tlierefore be 
straightened out in the sketch, more and more, as they are more 
removed. 2nd. In looking at variously placed bills from a 
somewhat elevated station, the eye will in some cases look 
directly, or perpendicularly, at the face of some slopes, while 
in others, the surface of the slope, if prolonged, will pass 
through the eye, and will not be seen in its true dimensions, 
though its inclination may be judged. In sketching the shapes 
of hills, bodies of water, masses of forest, &c,, these facts must 
be taken into consideration, and to insure skill, eye-sketches of 
a small portion of ground having well-marked features, must 
be frequently made, and compared with measurements of the 
same features. In sketching a single hill, the best station is at 
the summit. First endeavour to represent the lowest horizontal 
curve of its surface ; then a medial one ; then the form of the 
level space at the summit, or the highest horizontal curve. 
Others may then be introduced between these, until the ground 
is sufficiently expressed. The angles of inclination should be 
frequently noted down in nnmbei-s : all accidents of ground, 
such as ravines, rocks, &c., should be carefully placed, and all 
other objecte, such as houses, fences, trees, &c., should be put 
down in their proper relative positions and dimensions. Hav- 
ing thus prepared a skeleton of horizontal curves, numbered 
as to inclination and heights, the sketch will always serve a 
useful purpose without any lines of greatest descent. After 
sufficient practice in this method, the eye will become so culti- 
vated as to enable the draftsman to express the form of ground 
by lines of descent at once, the naind conceiving the position of 
the horizontal curves, and thus supplying the necessary data 
for the shading lines, the relative thickness and length of which 
for the different slopes, is a matter -v^tj easy of acquirement. 
But this should not be attempted until the method by horizontal 
sections is thoroughly mastered. 

49. It is easy thus to make a correct sketch of a single hill, 
but when there are many, and the general face of tlie country 
is sloping also, the difficulties of repr^enting the connexion of 
the different hills at their bases are considerable. In such cases, 
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the direction and lengths of the valleja (or water-uourees if 
tliei-e are any) must first be noted, hearing in mind the illusiona 
of perspective in both ita effects, mentioned in par. 48. Then 
estahlidi the positions of the different summits, marking, down 
their relative heights, after which put in the other objecla to 
be represented, auch as roada, trees, buildings, &c., &c., refer- 
ring their positions to each other, and correcting them where 
they are found to disagree. Horizontal curves present the rea- 
diest means to the beginner in sketching declivities. When, 
after some practice, the form of a body suggests (as it always 
will) its horizontal sections (see Par. 11), then it will be time 
to resort at cnce to the lines of greatest descent. The greatest 
difficulties to be overcome in the practice of eye-sketching are, 
Ist, that of converting a perspective view into a plan, in all 
its true proportions; and 2nd, in formin; a just conception of 
the intersections of different slopes at their hoses. Hence the 
rule, to project first upon the sketch, all the lowest lines, or 
water-courses, and then the highest parts or summits. Then 
the middle lines and objects may be placed, and the sketch 
filled up by referring all others to those three groups which 
may be recjarded as determined. i 

50. The lead-pencil for field drawing should be moderately 
hard, and the general tone of the drawing should bo ratlier 
light. The shading of slopes ought not to overpower by its 
depth the distinctness of other objects, and the pencil should 
be so used and of such a quality, as not to be easily defaced by 
rubbing. 

51. In concluding these remarks npon the methods of re- 
presenting hills by the conventional use of lines, drawn with 
pen or pencil, it is necessary to refer to the mode of expressing 
inclinations that are steeper than the " natural slope," or greater 
than 45°. Such slopes frequently occur in clay banks, steep 
ravines, and in rocks. A^ they arc always exceptions to th« 
law of slopes, and save in the case of rocks, cannot be regarded 
as a permanent form of the ground, since they are constantly 
nndergoing reduction by the action of natural causes, the 
method generally adopted to show them, is to make their 
shading lines exceptional also. In the Horizontal System this 
is done in earth slopes, by shading them witli a set of black 
and short lines drawn perpendicular to the horizontal sections ! 
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that 19, in a direction contrary to the general motion ot the 
shading lineB of the drawing. They should be made a£ black 
as possible. {Pig- 7, at B.) For the eame kind of slopes in 
the Vertical System, their shading lines, also as black as pos- 
sible, are drawn parallel to the horizontal corvea, or contrary 
to tlie genera] tenor of the shading lines of the drawing, {^^g. 
15, at A.) These methods answer also for the expression of 
occasional rocks, particularly projecting horizontal strata ; but 
when the slope is entirely rocky, even if it he not steeper than 
45°, the shading lines are tiirown in, in every possible direc- 
tion, not intersecting, but abutting abruptly upon each other, 
in short heavy masses. {Fig. 15, at B.) 

52. The following are some practical remarks and directions 
for shading hills according to the Vertical System. All the 
preparatory pencil lines having been drawn lightly, and the 
spaces for the shading lines being laid off by dots, begin to 
shade at the steepest part of the upper zone of the hill. Dravr 
the shading lines tirmly, from curve to curve (introducing 
auxiliary curves for tliat purpose wherever it is necessary), bo 
that each row of lines may terminate evenly at the lower edge. 
Draw always toward the body, turning the drawing on 5ie 
table for that purpose. Draw these shading lines always down 
the slope, and proceed with them from left, to right, so that the 
line just drawn may be uncovered by the pen, and the distance 
to the next one be seen. Gro all aronnd the upper zone in this 
way, finishing by joining the row at the point of setting out. 
This is always effected more easily and neatly in the steepest 
part of the slope. After finishing the first zone, proceed to the 
second, and so on to the foot of the slope. Where the curves are 
nearly parallel, the shading lines are straight, and also nearly 
parallel ; but when the curves depart much from each otlier, the 
shading lines, being lines of greatest descent, must be normal 
to the curves, and will therefore themselves have some curvature, 
in order that they may tend perpendicularly upon a second 
curve, which is not parallel to the first, {Fig- 15, at C.) In 
such cases it is necessary, beaides drawing the medial auxiliary 
curves, to put in lightly with a pencil, at short distances, a num- 
ber of normals {Fig. 15), which, being carefully studied, will 
tend to correct or confirm the directions of the shading lines as 
they are drawn. In introducing additional curves in those pai ta 
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of tbe hill wliere tlie slope is slight, care must be taken not to 
Bhorten too much tbe length of the shading line, for where the, 
interval between them is large, the line must be proportionately 
tiner and longer. (See Par. 33.) Any change in the direction, 
thickness, or proximity of the shading lines, required by the 
different inclinations, must be effected gradaaily, and all sud- 
den changes of that nature must be carefully avoided. Any 
two consecutive lines of any part of the hill, should be sensibly 
equal, similar, and parallel. They should be twin lines. Hie 
same thing is to be observed of contiguous zones ; any change 
in their color or expression, must be made gradually. If it be 
required to pass fron. a light zone to a dark one below it, make 
the lower extremities of the lines of the light zone a little 
heavier, so that they may meet the upper extremities of the 
lower row, with nearly the same color. The latter may also 
be lightened a little. As zones differ in inclination, so of course 
will the spaces between the shading lines. No attempt there- 
fore ought' to be made to prolong the lines of one zone into 
the zone below. The lines in each row are manifestly inde- 
pendent on each other in that respect. It is only necessary, as 
above stated, to avoid sudden changes of colour in passing from 
zone to zone. Even in a perfectly uniform slope, it will not do 
to prolong the lines thus, because it gives a hard and bad cha- 
racter to the style. But in the case of a conical hill, as in J^igi. 
16, it would give rise to an error in principle ; for we should, 
soon after leaving the summit, have too few lines of descent to 
cover the ground, and they would soon be so far separated as 
to lose their connexion, degenerating into a great meagreness 
of style. The same rules, in joining the different rows of lines, 
are to be observed here, as in the Horizontal System, viz. the 
extremities of one set of lines must not protrude within a 
neighbouring set (J^g. 20), nor must a vacancy be left {Mg. 21). 
Tlie rows must be accurately joined, without showing either a 
white line at their junction, as in the latter case, or a dark one, 
as in the former {see Fig. 22). The method of joining them is 
shown in Mff. 23 on a large scale, where the lines of the lower 
row, coming between those of tbe upper, start from a line which 
connects the lower extremities of the upper row. When the 
whole plan of the hill has thus been covered with lines oi 
greatest <Iescent, the base and summit must be softened off, t>; 
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tapering to a fine point the lower end of each line, at the basd; 
and doing the same at the summit, by turning (lie drawing 
upside down, and tapering the upper end of eacli line of the 
upper zone (see Fig. 15). The whole hill being finished, the 
pencilled lines may be removed. The same directions here 
given for executing the drawing of a liill, will apply to a hoi 
low, the shading lines of which are converging, 
"f 63. We will now proceed to consider the conventional use 
of lines in the representation of other features than hiUa, which 
alone have engaged our attention thus far ; and let, of waier. 
When the horizontal sections of the ground are continued, by 
means of soundings, below low water-mark, that part of the 
drawing covered by water must be left entirely white, so as to 
allow a clear exhibition of the lines of soundings, and the hori- 
zontal curves of the bottom, as determined by their means. 
But when the delineation of the ground extends no further than 
the water surface, then for the sea, large lakes and rivers, the 
method of shading by lines drawn parallel to the shores, and 
graduated outwards from them, is generally used in the verti- 
cal system. This mode of proceeding would not answer in the 
horizontal system, as there would then be no distinction be- 
tween land and water. For the latter system, the method has 
been explained in par. 15. In order to execute symmetrically 
this style of shading water, the following directions must be 
strictly observed. After having drawn, with uniform thick- 
ness, a moderately stout line, as at A, Fig. 24, for the outline 
of the water, throughout the whole drawing, begin by apply- 
ing to it, as closely as possible, the first shading line. In order 
to do this, attend to the narrow white space between the two, 
making it &f,ne white line, and of even toidth. The first shad- 
ing line may be nearly of the thickness of the shore line, and 
should follow it closely in its minutest deviations. Apply such 
a line to every shore line in the drawing. When that is done, 
proceed to the second shading line, which may be a little finer 
than the first, and a very little more removed from it than the 
first was from the shore-line. Carry thia one throughout the 
drawing, in the same manner as the first one. Then take up 
the third line, increasing, by very little, the distance between 
the lines, and drawing it a little finer. In this way, go on, 
addmg one line at a time to every shore on the drawing, in- 
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creasing very gradoaUy their intervals, and diminishing, &b 
grsdaally, their thickness. These lines should be drawn dean, 
and as steadily as the hand can make them. Take a very 
short hold of the pen, resting the point of the middle linger 
upon the paper. Each line should be of nniform thickness 
thronghout its length, and kept constantly at the same distance 
from the one last drawn. Draw always towards tlie body, 
taming the drawing as before directed, and keep always the 
line last drawn to the left of the one in progress, bo that the 
distance between it and the point of the pen may be con- 
stantly watched. The lines must be completed successively, as 
above directed, for the following reasons; — Ist The eye be- 
comes accustomed to the interval employed, and thus the con- 
fusion attendant upon carrying on at the same time, three or 
four lines having different intervals, is avoided. 2d. By this 
equal distribution of the lines, symmetry is insured, because 
whatever be the width of different channels {Fig. 24, at B), an 
equal graduation of tint from every shore is obtained, and the 
shading lines meet in the middle, which might not always be 
the case otherwise. 3d. It enables us to conform to a princi- 
ple, which is, that every line must return to itself, and no spi^'ol 
lines are admitted. But sometimes two lines will coalesce, as 
at c c, Fig. 24, where they join into one at d, and afterwards 
separate into e e. The last line, in the middle of a piece of 
water, must be a line returning to itself, and not a spiral. 
When tlie shading lines meet the margin of the drawing, they 
are cut off; but they are drawn as if they were to be continued 
out of the margin. These instructions may seem over minute, 
but the beginner must be warned that this is the most tedious 
and uninteresting part of topographical dravring, and requires 
great care and patience, in order to produce a good effect. 
High and low tides are represented thns {Fig. 24). bis. Draw 
the shore line for the high water-mark, and the shore line for 
the low water-mark. Then commence from the high water 
line, graduating outwards until the low water line is met, which 
must be regarded as a margin for the shading lines, and in 
which they must terminate. Then commence anew from the 
low water-mark, with a new graduation, which is carried on 
uninterrupte dly . 
64. Smaller bodies of water, snch as ponds or pools, are 
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represented by a tint of fine, unbroken lines ruled across them 
pftrallel to the base of the drawing {J^'tg- 25). Rivulets, or 
very small streams are represented by one, two, or three 
lines, according to their magnitude (-Ky. 25, at A, B, and 0). 

55. The sign for marsh is composed of a mixture of the two 
signs for water and grass land, aa in I'^ig. 26, where the water is 
indicated by fine and full lines, ruled always parallel to tlie 
base of the drawing, and grouped in an irregular manner, so as 
to leave small islands interspersed through it These islands 
are filled with grass, drawn aa will hereafter be described, with 
here and there a tree. The division between the land and 
water should be first sketched lightly with a pencil, aa a guide 
for ruling the lines. The texture, as to fineness, of this sign 
should be regulated by the scale of the inap, and be consistent 
with the other lines in it, in that respect. Distinctions have 
sometimes been made between salt and fresh marsli, deep 
moraas, &c. ; but this niled sign is the neatest form, and does 
not charge the memory with nice distinctions, which can easily, 
if required, be expressed in small lettering, upon the drawing. 

56. Forest, being one of those features whose conventional 
sign is intended to suggest, in some degree, tlie object itself, is 
represented by characteristic lines, resembling a pen drawing 
of a tree as seen in horizontal projection, witli its shadow upon 
the ground, cast by parallel rays iuclined 45° to the horizon. 
The only distinction between the various forests, that can be 
recommended, is to reserve a particular sign for pines, and to 
include all other kinds in one character of foliage. Fiff. 27, at 
A, shows a pine forest, where the sign has a star-like form, and 
is darkened towards the right hand and lower side, where the 
shadow is placed. At B is the sign for all other forests, where 
the character of the outline is round, with a few touches of the 
pen on the interior, and towards the shadow. This outline, to 
have a good effect, should be made with simple curves, firmly 
drawn, and not be cut up by smaller indentations, as in fig. 27 
(bis), the bad forms of which are also to be avoided. The trees, 
and masses of trees, must be disposed in every possible variety 
of position, avoiding carefully all arrangement in lines, or 

' regular figures. Their size depends upon the scale of the map, 
and should consist with the dimensions of buildings, the width 
of roads, &c. The sign in Figa. 27 and 7, at C, indicates an 
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oiTjnineiital grove, aliaped by art, and is med in representing 
parks, gardens, &c. Orchards are shown by placing single 
trees, with their slmdows, upon the intersections of two sets of 
equidistant parallel lines, drawn at right angles with each 
other, as in I^tg. 28. One set of these lines is usually placed in 
the direction of one side of the inclosure. The lines should be 
drawn in pencil, and afterwards erased. Single trees are 
drawn, aa shown in Mg. 29. The shadow is detached from the 
outline of the tree, and is intended to have an elliptical form. 
Wlien the scale is small, a single tree becomes &< simple circle, 
touched with the pen, on the side towards the shadow. Some 
topographers prefer to draw trees in elevation, as in fig. 30. 
This method certainly renders it easier to describe varieties of 
foliage, and may be used with as good effect as the other, 
according to the fancy of the draftsman. When trees occur 
upon a hill-side, the shading lines of the hill-side should be in- 
terrupted, in order to receive the body of the tree, but not its 
shadow, wliich may be drawn iudependently of them when the 
slope is slight ; but when it is steep, the shadows may be 
omitted, and the trees must be shaded dark, so aa to be nearly 
of the same color as the shading of the slope, and, at the same 
time, the forest may be represented as less dense than it is 
usually drawn upon a more moderate inclination. 

57, Cleared land, giaes, or meadow, is indicated by groups 
of short lines, arranged like tufts of herbage. Each of these 
little figures is drawn with its base always parallel to the base 
of the drawing, whatever may be the shape of the inclosure 
containing this sign. They must likewise be spread evenly 
over the paper, not too thickly, and all appearance of regu- 
larity or approach to arrangement in lines must be avoided, 
as directed for forest (see J'lCf. 31). Kach tuft is composed of 
from 5 to 7 lines, drawn as if converging in a point below 
the base, as is shown on a large scale at A — the middle lines 
being the longest, and the extremes mere dots. The base 
must be a straight -line, not curved, as at B. 

68. Cultivated land is represented by alternate broken and 
dotted lines, suggesting furrows. These are, for the sake of 
variety, made to assume different directions, one set of them being 
generally parallel to one of the sides of the inclosure {I^ff. 32). 
The ground must first be prepared by drawing light pencil lines^ 
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equidiatant from, and parallel to, each other, in sets. These 
pencil lines must be ruled, and if they cannot be spaced off by 
the eye, their intervala must be detennined, and marked by 
dots. Then draw the broken and dotted lines hy katid, over 
the pencilled guide lines. The joints in the broken lines must 
not be opposite to each other, and the ireaks, or vacancies in 
the lines, mast be very short. The dots of the dotted hnes 
must be made by touching the point of the pen to the paper, 
.and immediately lifting it off^ without dragging it over the 
paper; this will make a round dot. The dots must be fine, 
and close together. As before remarked, it ia scarcely neces- 
sary to distingnish between the different kinds of cultivation, 
as it is the most variable of all topographical features. If it be 
desirable to describe the existing crop, it can always be done 
by a few words, neatly lettered on the drawing. 

59. UneuUwaied land, which is not forest, but such as 
brushwood, heath, prairie, &c., b represented by mixing tofts 
of grass with small bushes, of less dimensions than those of the 
trees in the sign for forest {Fig. 33), 

60. Sand and gravel are shown by dots — the latter rather 
coarser than the former. In making these, the pen should not 
be jerked over the paper at random, but slowly put down and 
taken up, and never without an intention in regard to the 
position of every dot. Make them as directed in cultivated 
land, and avoid all arrangements in lines {Fig. 7, at D). In 
sand-hills, let the sides of the slopes be made darker than the 
level parts, by making the dots closer together, in order to 
produce a deeper tint, or shade. 

61. The different forms of signs for buildings, inclosurea, 
roads, &c., &c., are given in Fig. 34. The equidistant lines 
representing a road, can, when curved, and therefore to be 
drawn by hand, be conveniently drawn thus :^Take a right- 
line pen, and open its two blades to the desired width of the 
road; then place some India ink upon the inner face of each 
blade, in such quantity as not to allow the opposite masses of 
ink to run together. Then, if the pen be drawn over the 
paper, the two points will describe two equidistant lines, 

62. It must be remembered that tlie dimensions of all tliese 
signs are variable, and must correspond with the scale jf the 
drawing. This just proportion may be gained in considering 
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Uie projected dimensions of buildings, their class, as to being 
iann bouses, mansions, public institutions, &e. ; for it would 
not be consistent to make a tuft of grass as large as a country 
seat or a college. 

63. All that has been said in regard to the manner of execnt>- 
ing the conventional signs with a pen, will apply equally to 
sketches, or even finished drawings, made with a pencil or any 
instrument which produces lines. But there is another method 
of topography, now coming into very genera! favor, viz. that 
of expressing the different states or conditions of ground, and 
even its variations in level, by means of colors, the manner of 

I using which will now be considered. 

64. The first thing necessary to be done, in order to prepare 
a sheet of paper for a tinted drawing, is to strain, or stretch it, 
BO that it will not remain blistered after being wetted by the 
laying on of the tints. For this purpose the paper must be 
moistened, and laid flat upon a smooth and clean board, and 
before it dries, the edges must be fastened down with glue, or 
very stiff paste. By moistening the paper, it is expanded, and 
if its edges are secured while it is thus enlarged, its shrinking 
in the act of drying causes the strain, which keeps it flat, and 
enables it to restore itself in drying, after it has been blistered 
by wetting, 

i/ 65. Having thus prepared the paper, the lines of the draw- 
ing will be put upon it, first in pencil, and afterwards with a 
very fine, ink line. The ink, although black, must not be 
thick ; for, when the lines (outlines only) of all the shores, 
roads, buildings, &c., are drawn, and all the pencilled lines 
erased, then the drawing must be washed, either by exposing it 
to water dashed over it, or by quickly passing a soft sponge, 
well saturated, across its surface. This is done for the purpose 
of removing those portions of the ink, which a wet brush would 
detach from the paper in laying on the colors, and which, 
mixing with the tint, would injure its purity. When dried, the 
drawing will be ready to receive the conventional tints, which 
are expressed bj the following colors, either used singly or 
compounded. 

66, They are five in number, viz. Indigo, Carmiiie (or CriW' 
son LaTce), Gamloge, Burnt Sienna, and Tdlow Ochre. In using 
and mixing these colors, it must he observed that Indigo is the 
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most powerfiil, aud Gamboge the weakest; and that Yellow 
Ochre does not combine well with any of the others, but is aped 

I elone. 

67. Before proceeding to consider the significance of these 
colors and their combinations, it is necessary to explain the 
mechanical conditions to be fiilfiUed, and the rules to be 
observed, in order to insure neatness and facility of execution. 
"When a tint is to be mixed, let the end of the cake of color be 
wetted, and allowed to soften for a minute or two. This will 
cause it to rub smooth, and ifree from small fragments. Then 
moisten, (only) a perfectly clean plate or saucer, and rub a suffi- 
cient quantity of the color npon it, as much as will tinge to the 
proper intensity (say) three or four tablespoonfuls of waterj 
which being added to the color, and mixed by the brush, the 
tint is ready for use. Let the paper be inclined about five 
degrees to the horizon, the lower edge towards the body. This 
is done that the color may flow easily over its surface, tor the 
whole art of laying on a Jlat tint consists simply in allowing 
the colored water to flow over tbe paper, which is uniformly 
tinged as it passes over. To spread the color, begin with a full 
brush at the top of the figure (suppose it to be a rectangle), and 
cause it to lie neatly along the upper outline, then strike the 
brush from left to right, and from right to left, alternately, 
bringing the tint down in horizontal bands or stripes, control- 
ling it neatly and exactly within its proper outlines, and keep- 
ing the surface of the paper well wetted with the tint. As 
long as this is done, the tint can be carried on witli perfect 
continuity. On arriving near the lower ouUiue of the figure, 
the quantity of tint must be diminished, so as to leave just 
enough in the brush to finish, without allowing the color to 
accumulate upon the lower outline. In no case, anywhere on 

. the drawing, must the oolor be allowed to lie in puddles, or 
drops. The art of laying a flat tint ia so easily acquired, with 
a very little practice, that the only difficulty in it is the out- 
Hne, to conform to which requires some care in using the point 
of the brush. When the colored water has once thus flowed 
over the paper, the tint is finished, and must not be touched 
again ; for if there be any little defect in it, one trial will show 
that any attempt to remedy it while the color ia drying, will 
only make it worse. In laying tii^ts of complicated shapes, the 
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operation is much facilitated by first moistening the paper, and 
working upon it just before it dries. As the hand acquires 
skill, it will be found tliat, generally, tints are better in pro- 
portion as they are more quickly laid on, and with less of color 
in the brush. Should etains or patches occur, however, they 
may be remedied by wetting the whole drawing, and gently 
washing the faulty parts with a brush or soft sponge, and 
repeating the tint lightly, should it be too much reduced by 
washing. Tints that are too strong may be rendered weaker 
by the sponge, in the same manner, and some may even bo 
removed entirely. White spots left in a tint may be filled np, 
after it is dry, with the point of the brush, t-aking care not to 
apply the color where the paper is already tinted, as that would 
double its intensity, and make a dark spot. The knite should 
never be used for erasing on a tinted drawing, aa the color 
smke, and becomes intense, wherever the paper is scratched. 

68. After the flat tint it will be necessary to practise the 
alternate or double tint. This consists of two colors, applied 
alternately, their edges being allowed to melt into each other. 
For this purpose, two saucers of tint must be prepared, with a 
brush for each. Begin, as for a flat tint, with one of these 
colors, at the upper outline of the figure, and having laid on a 
small portion of that tint, take the brush charged with the 
other color, and before the first dries, run around its edge with 
the second, and allow them to blend together, then resume the 
first tint, blending in the same manner, and so on throughout 
the space to be filled. It will be observed that the surface of 
the paper is here treated exactly as if a flat tint were being 
laid, the color not being allowed to dry anywhere. Each tint 
is spread upon the white paper, and therefore shows itself pure. 
The forms of the masses of each color should be varied, and 
not made in stripes, or spots, but irregularly clouded. The 
tints in this sign should be light, and equal to each other in 
strength. 

69. For the use of the colors as follows, see i'%. 36 : — 
Water, a fiat tint of pure Indigo, light colored (a). 
Sand, a flat tint of Yellow Ochre (b), 
Oultwation, a flat tint of Burnt Sienna (c). 

Oraas I/md, or dea/red ground, a flat tint of green, compoaea 
of Indigo and Gamboge, the,latter predominating ^), 
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OtuntUivated Z(md, or Brushtmod, a donble tint of alternaU 
^reen, as for cleared land, and Burnt Sienna, laid oq as de- 
scribed in Par. 68. This sign may also be made with alternate 
Green and Crirason Lake, it being the only double tint used (e). 

SuUdin^s, and in general all masonry, such as bridges, locks, 
walls, &c., are tinted with Crimson Lake, and shadowed with 
a neutral mixture of Indigo, Burnt Sienna, and a little Lake. 
For this, and all other purposes of light and shade, as in forest, 
&c;., the light is supposed to enter the drawing at the upper 
left hand comer of the margin, in parallel rays, inclined 45° to 
the horizon. Tlio atiadow of any object will, therefore, sur- 
round its lower and right hand ontlines. After the shadow has 
been placed, the outlines must be strengthened, by making it a 
heavy black line on the sides opposite the liglit (f). This re- 
inforcing the outline is always the last work on the drawing, 
and must never be undertaken while any brush-work or tinting 
remains to be done. 

Roada, streets of towns, and all portions of the drawing not 
particularly described, are tinted with Yellow Ochre. 

70. In the signs for Forest a/nd Marsh, some attempt is made 
at a resemblance to the things signified, and a more minnte de- 
scription of the method of executing them will be required. 
Yov forest {Fig. 36, g) the ground is first prepared by laying a 
flat tint of green, exactly as for cleared land. Then with a 
very hard and sharp lead pencil, or a pen with pale ink, groups 
and masses of trees are drawn in outlin-e, as described in Par. 
56. Then, with Indigo and Gamboge, mixed in the brusli to 
the same tint as the ground color already laid ou, but a little 
more intense, each tree and mass of foliage is shaded on the 
right hand and lower portion. An orange tint, made of Gain- 
boge and Burnt Sienna, is then touched upon the side tiext to 
the light. These two tints should just fill up the outline, the 
green occupying about two thirds of the figure. This finishes 
tlie tree. It only remains to add the shadow upon the ground, 
which is made and laid on as directed in Par. 69, For single 
trees, as in orchards, the shadow is detached, but in masses of 
foliage, it is laid close to the outline (h). The above is merely 
a formula for this sign, but there is always an opportunity foi 
the taste of the draftsman to produce a good eflect, by present 
(tig trecfl somewhat in the manner of landscape painting. 
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71. Marsh, aa in pen-drawing, is composed of a mixture ul 
the signs for water and cleared land, which interlace horizob' 

tally, that is, always parallel to the base of the drawing (i). 
The green tint of marsh is first to be laid in with a brush niode- 
i-ately charged with the color for cleared land. In doing this, 
attention muet be paid to that part left white, which latter must 
be rather less in quantity than the green, and must resemble it 
in form, projecting its horizontal points into the green, just aa 
the green projects into the white. The outer limits of a marsh 
must be made np of an outline of projecting green points. 
When that is done, a thin shading line must be drawn along 
the loioer edge of the green. This is composed of Indigo and 
Burnt Sienna, and must be confined within the limits of the 
green tint, and not allowed to touch the white. This finishes 
the land portion of the marsh. The water is represented with 
very light indigo, laid on in horizontal streaks of varied width, 
just filling up the white space without encroaching on the 
green. The introduction of a single tree here and there assists 
the good effect of this sign. 

72. In painting the trees in forest, and shading the banks of 
marsh, &e., it is not necessary to mix tints in a saucer. It will 
be sufficient to rub the three colors, Indigo, Burnt Sienna, and 
Gamboge, side by side upon the same plate, and with a proper 
quantity of water in the brush, to mix them to the proper color 
and intensity, so that they may he applied without lyin^ in 
drops upon the paper. 

73. In regard to the representation of slopes and declivities, 
the principle heretofore laid down, viz. a steep or a gentle slope 
being indicated by a darker or lighter color, must be here fol- 
lowed. The tint used to replace that produced by the pen- 
lines, is composed of Indigo and Burnt Sienna, when the ground- 
work is green ; and when used over sand, or cultivation, a little 
Lake is added to the mixture in order to neutralize its greenish 
hue. This shade tint is always laid on after the ground is 
covered with an appropriate sign, and as no hard edges can be 
admitted, the following method is used to avoid them (k) : — 
"With clean water in the brush, moisten well the paper along 
the line of the crest of the slope, and before it dries begin in 
the lower edge of the moistened part to lay on the shade of the 
slope. Proceed down the hill with it, laying it on like a flat 
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tint, tmtil tlie lower limit of the slope is reached, when, while 
tiie shade tint is still moist, it must be softened off, or blended, 
with a brush and clean water. If the slope be of great hori 
zontal extent, its sides may be shaded in successive portions, 
provided no hard edges are left on the tint, because a slope can 
never be finished by once tinting, but requires repeated touch- 
ing, so that the proper depth of shade may be procured, and 
BO that all the detailed variations of declivity may be indi- 
cated by corresponding degrees of intensity. Then if thb 
joints of the tint are made -in different places each time of 
going over, they will not show themselves. This method of 
representing hills is very expeditious, but its effect can be 
much improved by the addition of light shading lines drawn 
wi^ the pen, either with pale ink, or a mixture of Burnt 
Sienna and Indigo, 

74, In reference to the general effect of these tinted topo- 
graphical drawings, two things are to be considered in the 
colors, viz. the quality of the mixed tints, and the strength or 
intensity of (jolor. Greens should not be of a cold quality, 
such as is produced by too much blue, but of a lively hue, 
which is produced by a predominance of Gamboge. Aa to in- 
tensity, everything should be subordinate to the condition of 
deameaa ,■ next, the tints must be clean, transparent, and rather 
light, 80 as not to mask any of the details of the drawing. 
They must be of sufGcient strength, however, to be readily dis- 
tinguished from each other at once, and even a very little 
stronger than necessary so as to allow for fading. 

All tints that are much extended ought to be hilanced, that 
is, no one ought to obtrude itself upon the eye by its too great 
intensity. According to the terms of art, everything should 
be " in keeping," and spottiness avoided. Thus forest, brush- 
wood, and cultivation, ought to be kept about equal in strength. 
Cleared land, marsh, sand, and water, may be made of equal 
intensity, but all a little lighter than the other signs. Tints 
that are of small extent, may be a little exaggerated in inten- 
sity in order that they may be readily distinguished. Build- 
ings, being objects of small extent, and having a certain im- 
portance, require a well marked red tint, shadow, and shaded 
outline. Villages, with their gardens, orchards, &c., should 
generally be represented a littie stronger in the tints that com- 
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pose tliem, than the general tone of the Burroundiug conitry 
{Mg. S6, at m). 

75. The order in which the tints for the different signs are 
successively laid on, is a matter for the experience and skill of 
the dratlsman to decide. It is generally thought better, in or- 
der to insure a proper balance among them, to begin with the 
lightest. 

76. Cultivated ground is sometimes striped (J^iff. 36, at c) in 
the manner of furrows, with lines of red, yellow, blue, or green, 
lightly laid on, and in various directions, 

77. Indosures are represented as follows. Hedges by green 
dots, varied in size, for bushes, with the shadows. Masonry or 
brick wallq, by a line ruled with red. Wooden fences, by lines 
either ruled or hand-drawn with a pea, containing the neutral 
mixture of Indigo, Burnt Sienna, and Lake (n). 

78. After the delineation of all the topographical features 
heretofore described, tlie next most important labor of the 
draftsman is the letterin-g of his map. And in this department 
his responsibility as to the good appearance of his drawing is 
very considerable, for nothing so surely detracts from the value 
of a map, viewed as a work of art, as an awkward and un- 
handsome style of lettering. To make manuscript' letters, imi- 
tating type-printing, requires a great deal of study and prac- 
tice, and to proportion the title and other lettering, so as to suit 
the scale and general efl'ect of a map, is a matter of considera- 
ble importance. As far as written directions can be of service 
in guiding the draftsman in this part of his work, the following 
rules may assist him : let, as to the tiine for lettering. If the 
map is &pen dra/wing, all letters that fall upon the silrtacea of 
lakes, rivers, &c., or upon the sides of steep hills, or in a forest, 
should be put upon the drawing before those features are 
drawn; for it is easier to pass their characteristic lines over the 
letters, than to draw the letters upcn the paper already so oc- 
cupied. In a tinted dra/wing, the letters are always the last 
drawn, as a brush cannot be passed over them without blotting. 
2d, as to the Bize of the letters. This depends upon two things j 
the importance of the object described, and the scale of tlie 
drawing. The different characters or types of lettering em- 
ployed, are thus arranged in regard to importance : Ist, the 
v^rigM capital^ 2d, t/ie mdined capital; 3d, the ttprigJU Ho- 
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pwn, or ordiuary small type ; and ith, the small Italic. Tlie 
first of these characters belongs to such objects as large cities, 
an extensive forest, a bay or gulf, an island, or a considerable 
mountain or river. These same objects, when tliey are of less ■ 
importance, may be described in inclined capitals, as may alac 
a village. A road or canal, in Koman small type, and farms, 
residences, &c,j in Italics, In regard to proportioning the size, 
of the letters to the scale of the drawing, the following table 
will serve as a general guide, which is all that can be pre 
tended, as au acquaintance with the way in which this p^opo^ 
tioQ is arranged in drawings of merit, will famish the best rules 
of practice : — 



BcaU. 


"''"lix"" 


SngU 0/ MAoll Ro,^,i. 


lb 

■m 


or one in. to fifty fl^. 
or two ft. to one m. 
or one fl. to am. 
or four in. to a m. 


Bii-t«athB of an inch. 

Four 

Three " " 

Two " 


Twelve-hundredttK of an io. 
Eight 

su 

Four 



The variation in height for each scale, fl-om that of the upright 
capital to the italic, is gradual, and is regulated as above stated 
by the importance of the object The thwhiess of ttie capi- 
tals, in proportion to the size, is one seventh of the iieiglit of 
the letter. In lettering a drawing, it is desirable that all the 
names should be in lines parallel to the base. Kivers, roads, 
canals, &c,, sometimes require the line of the letters to be both 
oblique and curved ; care must be taken, in such instances, to 
place it so that the words may be easily read without turning 
the drawing. 

■ 19. The formation of the letters requires great attention and 
study. The beginner must copy from good models, all the 
different kinds of character, and thus acquire a perfect know- 
■ ledge of the proper proportions and expression of every letter, 
both large and small. He must then exercise himself by draw- 
ing them without a model, in Order to acquire manual skill, 
nhich lie cannot be said to have done until he is able to form 
all the letters correctly, and give them their proper synmiotry 
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and family resemblance, having for a guide only the two pen- 
cil lines which limit their height/ lu making capitals, eaci 
letter mnst be fairly sketched in pencil, including the thick- 
ness of the heavy parte ; the outline moet then be drawn in ink, 
with a firm and steady line, and afterwards filled up with 
the pen. Whether capitals are upright or inclined, it is well 
to draw a few lines in pencil, parallel to the direction of the 
letters, which will serve as guides in drawing them. When it 
is required that one or more words shall occupy a certain place 
on the paper (as in titles of maps, where the middle points of 
the lines lie upon a vertical line), find the middle letter or 
space, and put it in its proper position, then draw the latter 
half of the word or line. Proceed from the centre to .the left, 
and draw in the first half, by putting in the letters in inverse 
order. This method often saves repeated trials and erasures. 
For drawing the small roman and italic letters, the same kind 
of study with the pencil is at first required ; but as the heavy 
parfe of these are made at once, by a bold pressure upon the 
pen, the operation of making them resembles careful vyriting. 
As a preparation, three pencil lines are jJrawn, the lower two 
to form the upper and lower limits of tlie ordinary letters, and 
tlie upper one to limit the capitals and the tops of the ^'s, tfs, 
&e. The parts of these letters are of two kinds, viz. : curved 
and straight, which should be carefully distinguished from 
each other. For example, a, c, g, o, a, &c., are composed en- 
tirely of curves. They must be symmetrically drawn, and the 
width of the ordinary letter must be only a little leas than its 
height. The round part of a ^ does not reach quite to the 
lower line. The letters 6, d,f, k, m, n, p, q, &c., are composed 
both of curved and straight parts. The uprights of these 
letters must be made perfectly straight from top to bottom, 
with a little horizontal return, pointing to the left at the top, 
and at the bottom to the right. The m and n, although curved 
at the top, must be brought down straight to the lower line, 
witli a return pointing to the right. These returns must always 
form a sharp angle with the line of the letter, and not be 
rounded. See M^. 37 for the application of these rules. The 
letters i, k, I, v, w, x, and s, being composed entirely of right 
lines, care most be taken to keep their elements straight. The 
beauty of this kind of manuscript depends more upon tha 



idbyGoOglC 



13 

regularity and mutual likeness of the letters, than u]x>n their 
individual character. In italics, the inclination of the lines 
must be everywhere the same. As compared with clear 
roman or italic type, manuscript lettering ought to occupy 
rather more horizontal space, and always looks better when 
somewhat extended; crowding it injures its effect very much. 
The little returns at the top and bottom of the straight parta 
may also be inclined a little from the horizontal, the left hand 
extremity of it pointing a little downwards. When executed 
with freedom and regularity, there is a peculiar beauty in let- 
tering with the pen, which does not depend upon a resem- 
blance to printed work. Finally, the merit of a map as to 
' accuracy even, is not safe from doubt, when, however correctly 
drawn, its style of lettering marks a want of knowledge or 
skill in B« simple a matter as the formation of the letters of 
one's language. 

80. A map being drawn and lettered, to complete it there 
are required a border, a descriptive title, and the meridian 
line, and the scales. 

81. First. The hor.Aer. The taste and fancy of the drafts- 
man may sometimes* suggest such a composition of lines or 
figures for this purpose, as will greatly embellish a drawing; 
but if a plain one is required, the style generally adopted is a 
double line, one heavy one on the exterior, and one light inte- 
rior one, the heavy line having the same breadth as that of the 
blank space between it and the light line. As the map is gene- 
rally a rectangle, the rule usually followed for proportioning the 
breadth of the border (including the two lines and the space 
between them) is, to make it the one hundredth part of the 
length of the short side of the rectangle. A quill pen, with a 
very broad point (cut off, not square, but by inclining the 
cutting instrument towards the body), and without anj' ^JM, 
is the best inatrnmeut for drawing very broad ink lir es. 

82. Second. The title. This may be placed outside the bor- 
der, if it takes up only one line ; but if it requires several, then 
it must be placed within it. The letters composing the name 
E>f the locality, which is generally the most important word, 
should not exceed in height three hundredths of the length cf 
the short side of the border. The letters of other words are 
r&iied in size according to the importance of the words they 
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compose. The execution of the, title furnishes another oppo^ 
tunity to enhance by its ornamental character, the beauty ol 
the drawing. It ought to occupy one of the comers of the 
map, and to have the middle points of all its lines of words ot 
phrases, upon a vertical line. It should state, in small letters, 
the name of the draftsman, the dates of the surveys, and of the 
drawing, and under whose direction executed. 

83. Third. The meridian, or north and south line. This ia 
an indispensable adjunct to every topographical drawing or 
map. Wlen the extent of country represented is very consi- 
derable, it is generally managed so aa to make the top of the 
sheet the north aide of the limits. The upright sides of the 
margin are then north and south lin^, and the word " north" 
may he written outside and above the upper border. But if 
the shape of the ground included does not conveniently admit 
of this arrangement, tlien a meridian line must be determined, 
and projected upon the map. The importance of this line is 
evident, as without it no just idea of the situation of the loca- 
lity with reference to the surrounding country can be obtained ; 
nor could the drawing be compared, or used in connexion with 
any other map, unless it has this fixed line of direction, which 
is common to all. The true meridian cannot be determined by 
the magnetic needle, which does not always point to the geo- 
graphical pole ; but the following is a very easy way of find- 
ing it by means of a plummet and a watch. At some point 
laid down upon the map, suspend a plumb-line over a table, 
which has been made exactly horizontal. The line should 
hang from the very extremity of a pointed rod, which should 
be inclined about 45° to the table, and directed towards the 
north. The plumb-bob should have asharp point, which must, 
aa nearly as possible, touch the table. At any two momenta 
equally distant before and 'after twelve o'clock, say at 9 A.M. 
and at 3 P.M., mark exactly the extremity of the shadow cast 
by the rod, and from each of these points draw a line to the 
point immediately under the plummet. A line bisecting the 
angle formed by these two hnea, will be a true meridian, if 
the watch indicated the true noon, and has not altered its rate 
of going between nine and three o'clock. It is easy to prolong 
the line thus formed, and to project it on tbe map, either by 
finding upon its prolongation some other point laid down on 
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the map; or if there be none, by measuring the angle between 
the meridian and a line joining the plummet, and some othef 
known point laid down. The meridian may be found withont 
using a watch, by marking the extremities of two shadows of 
equal length, one cast by the sun before, and the other after 
noon. It is usnal to make the meridian line a conspicuooa one; 
and to ornament its north extremity with some fanciful device, 
though a simple arrow-head, with the letter N, will answer all 
the purpose. 

84. Fourth. The scales. Every drawing should have two 
scales — one the scale of spaces, from which to deduce the 
degree of declivity, as explained in Par. 34, and the other, the 
scale of horisontal distances. They should be carefully mea- 
sured and drawn upon the map, in any convenient position 

. within the border. For the scale of distances, the length of 
line measured ought to be between a fourth and a third of the 
long side of the border, 

85. The conventional signs for bridges, roads, &e., and other 
topographical minutise, are exhibited in Fig. 34. The nature 
of each object there represented may, if desirable, be further 
explained by descriptive lettering ; for example, a mill, or fac- 
tory, being indicated by the proper general signs for such ob- 
jects, can better be described in letters as a flour-mill, or cloth 
factory, &c., than by making a different sign for every kind of 
mill. Numerous signs, differing, as tliey must, very little from 
each other, are either a heavy burden to the memory, or are 
unintelligible without an explanatory table. 

OF SCALES. 

Before projecting upon a map the data collected by a sm 
vey, it is necessary to decide upon some scale of horizontal 
distances, suited alike to the purposes for which the map is 
intended, and to the nature and amount of detail that it is 
required to represent. If the scale ia too small, it banishes 
many details that might be desirable ; if too large, it produces 
an unwieldy drawing. In order that a scale may be a conve- 
nient one for nse, it is necessary, on the one hand, that the 
dimensions measured on the ground should be converted, with- 
out calcolaMon, or by an easy effort of the mind, into the eor 
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reeponding diiaensions od the map ; and on the other hano. 
that the dimensions of the ground shonld be just m easily ia 
ferred from those of the map. 

For example, in the scale of one foot to a thousand feet, oi 
tVj»> one hundred feet of the ground is represented by one- 
tenth of a foot on the map, or .1, one hundred and fifty feet by 
.15, and one hundred and seventy-eight feet by ,178, or 178 
thonsandtha of a foot, which bears so close a relationship in its 
figures, to the distance measured on the ground, that it can be 
at once taken in the dividers from a scale, which will hereafter 
be described. On the contrary, a scale is inconvenient for use, 
when the denominator of its ratio is such a number as tifVti ^^ 
eight inches to a mile, or nrivit, which is six inches to one 
mile. The long measure used in our country, viz. miles, 
yards, feet, and inches, has been the means of retaining these 
arbitrary ratios in use among our draftsmen, but in the service 
of the United States Coast Survey, the decimal scale is adopted 
for all maps. The French long measure being expressed en- 
tirely in decimals, makes the application of the decimal scale 
perfectly appropriate ; but with us, it is easier to estimate dis- 
tances by miles, half miles, and yards, than by thousands or 
hundreds of feet. It is proposed to treat of both these kinds 
of scales, and to show how arbitrary ratic© may be expressed 
by a diagonal scale of equal parts. 

There are two scales to be constructed for a map : — One, the 
scale of distances, which the draftsman puts upon the drawing 
after it is finished, and which ia used only in finding and com- 
paring distances on the paper ; the other, the scale of construc- 
tion, intended to furnish (he smallest measurements that may 
be required in projecting dimensions on the drawing. 

To construct the scale of distances {I'lg. 38), draw a right line 
with the pencil, and supposing, for example, the scale to be 
tjVji divide it into equal parts, each one tenth of a foot in 
length. This ought to be done with the graduated edge of a 
good scale, for though the compasses would give equal divi- 
sions, yet we could not be sure that each one was exactly -^^ of 
a foot, or that the sum of ten of these would be exactly equal 
to one foot. Above these points of division write the numbers 
0, 100, 200, 300, &c., to 1000. Then 2000, 3000, Ac, at intervals 
of a foot. Prolong the measured line on tlie left of the zero, 
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and lay off the distance of one tenth of a foot, whicli must be 
divided into ten equal parts, and nnmbered in their order from 
the zero to the left. Put this line in ink, and draw beneath it 
a heavy line, say two-hundredths of an inch wide, and at a dis- 
tance below the first line equal to its width. This heavy line 
Bhonld not pass to the left of the zero of the scale. Then w ith 
a right-line pen, rule the divisions before measured off, drawing 
them perpendicular to, and across both lines of the scale. If 
it should be required, for example, to take from this scale a 
distance of 180 feet, place one foot of the dividers upon the 
point marked 100, and carry the other beyond the zero to the 
left, until it comes to the division marked 80. The compasses 
will then include the required distance. Any odd number of 
feet will be found by supposing each of the small spaces on the 
left of the zero to be divided into ten equal parts, and placing 
the foot of the compasses accordingly. 

I The seals of consiruotian {J^g. 89), being intended to express 
smaller dimensions than the scale of distances, which, it will 
be observed, shows nothing smaller than hundredths of a fo"t,' 
la constructed as follows. After having subdivided and num- 
bered a right line as before, let fall perpendiculars from every 
point of division, then draw ten other lines below, and parallel 
to the first, equidistant from each other. This equal spacing 
may be two tenths of an inch, or less, or more, provided it be 
constant for each space. Now in the space of the iV of a 
foot which lies on the left of the zero, draw the diagonal lines, 
as in the fig., by joining the first division on the left of Zero 
(the point c) with the point h, and drawing through the points 
20, 30, 40, &c., lines parallel to J c. From this construction, and 
the properties of similar triangles, it is evident that that parf 
of the line AB (the second line from the bottom), which is in- 
cluded between the sides of the triangle o J c, is equal to one- 
tenth of c, the base of the triangle ; that the corresponding 
part of the third line, CD, is equal to two-tenths of the base, 
G, of the fourth line, it is equal to three-tenths, and so on. 
But the base, o o, of the triangle is the ,|; part of a foot, 
therefore the parts of the horizontal lines intercepted by ita 
(ides are, respectively, tj^itj t^Ti tjjs) &c-) of a foot, which 
fact is expressed by the figures 1, 2, 3, 4, Ac, upon those lines. 
It it be required to find from this scale, a distance of 277 feet, 
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place one foot of the dividers at d, on- the TCrtical line nnra 
bered 200, and upon the horizontal line numbered 7, then place 
the other foot at e at the intersection of the same horizontal line 
with the diagonal numbered 70, and tlie distance will corres 
pond to 277 feet This is called the diagonal scale of equalpartSt 
and a scale thus constructed is applicable to all decimal ratios, 
the numeration only changing with the ratios. If the distancea 
are expressed in other terms than in feet, the top line of the scale 
must be divided according to those terms. For example, if the 
scale were one inch to a hundred feet, the upper line of the 
scale mnet be divided into inches, and the inch on the left of 
the zero into tenths. Then the ten horizontal lines, and the 
diagonals, will express hundredths of an inch, or one foot on 
the ground. If, instead of using brass or ivory scales, the 
draftsman makes the scale himself, which is to be preferred, it 
must be made upon a piece of the same paper as the draw- 
ing, so that there will be no unequal variations in the scale and 
drawing, caused by heat or moisture, which afiect different spe- 
cimens of paper very differently. 

Other ratios may be expressed on the diagonal scale by the 
following method: Suppose it is required to construct a scale 
of 24 inches to 1 mile, which shall be capable of measuring 
any odd number of feet. The ratio of this scale is ^Vt* that 
is, one foot of the drawing corresponds to 2640 feet on the 
ground. Then one inch of the drawing (and of the scale to be 
constnicted) corresponds to ^^, or 220 feet, and one-tenth of an 
inch to 22 feet. Draw the line of the scale as before {Fig. 40), 
divide it into inches, and number the points of division from the 
zero to the right, 0, 220, 440, 660, 880, &c. Divide the inch 
on the letl; of the zero into ten equal parts, and number them 
0, 22, 44, 66, 88, 110, Ac, from the zero towards the left. Now 
draw el&oen parallel and equal-spaced lines below the first one, 
and draw the diagonals in the space on the left of the zero. It 
is evident, from an inspection of this scale, that the parts Btic- 
cessively cut off upon the horizontal lines by the sides of the 
triangle obc are, commencing from the line next to the lowest, 
respectively equal to iV, A) Ai &"., of 22 feet, or the base of 
the triangle, which fe one-tenth of an inch, or in other words, 
they are respectively equal to 2, 4, 6, 8, 10, &c., feet Single 
feet are found by placing the compasses midway between tlw 
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horizontal lines. This scale is very much inferior, in point of 
convenience, to the decimal scale, on account of the compli- 
cated numbers which express its divisions, the addition and 
STibtraction of which cannot be readily effected by a mere nien- 
tal operation. Other scales may be constructed as follows : — 13 
inches to a imle^ or j^, : Divide the line into inches, and nom- 
ber the divisions 0, 440, 880, &o. Divide the inch on the left 
of the zero into eigki equal parts, each of which will be 55 
feet ; draw eleven lines below and parallel to the first line, and 
draw the diagonals. The parts cut off on the horizontals by 
the sides of the triangle, will be successively 5, 10, 15, 20, &c., 
feet. 8 ineha to 1 mils, or ,^jj : Divide the scale into inches, 
and the left hand inch into fen parts. Draw eleven horizontal 
lines below, and the diagonals ; the parts then cut off will be 
6, 12, 18, 24, &c., feet successively. 6 inches to 1 mUe, or 
tt^tt! Divide the line into inches, and the left hand inch into 
eight equal parts. Draw eleven horizontals. The distances Cut 
off will be 10, 20, 30, 40, &c., feet. 4 inches tolmile,orjji^s: 
Divide the line into inches, and the left hand inch into eight 
parts. Draw eleven horizontals, and the distances will be suc- 
cessively 15, 30, 45, &c., feet. The subdividing qualities of all 
these scales may be increased by augmenting the number of 
the horizontal lines. For example, in the scale of 6 inches to 
1 mile, if there were 22 horizontals instead of eleven, the suc- 
cessive distances would be 5, 10, 15, 20, &c. If the horizon- 
tals were doubled in number in that of 8 inches to a mile, the 
distances wonld be 3, 6, 9, 12, Ac, and if they were trebled in 
the scale of 4 inches to a mile, or made 33 in number, we 
should have distances of 5, 10, 15, 20, &c., feet. 

The reason for drawing eleven horizontals in some of the 
above described scales is, that the number 11 is an exact mul- 
tiple of the number of feet represented by the divisions of that 
part of the line on the left of zero. A great multiple ought 
to be selected, so as to have a convenient number of horizon- 
tals. To talte one more example. 5 inches to 1 mile, or tiJt? ■ 
Here one inch of the scale corresponds to 1056 feet, or i of an 
inch to '-^= 132 feet We divide the inch on the left of the 
zero into eight parts, and for the numbfer of horizontals we 
seek the largest desirable factor of 132, which may be either 
22 or 12. If we draw 22 horizontals, the distances given bv 
1 
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the diagonals will be S, 12, 18, 24, &c., but if 12 liorizontsls 
are used, they will give distances of 11, 22, 33, 44, &c., feet. 
It is evident, also, that the inch on the left of zero must be so 
divided, as that the number of its equal parts mnst be a multiple 
of the number of feet corresponding to the inch, as above. 
1056 is 8 multiple of 8, and not of 10, bence we divide the 
inch into eightliB, each of which is 132 feet. 

Unless these multiples can be found, the scale cannot be made 
to express whole numbers by ita smaller divisions, which is a 
great defect. It is to be hoped that the decimal scale and ratio 
will eventually be adopted. 

In adopting the scale to the uses of a map the following ge- 
neral proportions may be observed : A map constructed on a 
scale of half an inch to a mile, or ttj'tit! will admit the repre- 
sentation of all towns, villages, main roads, the principal cross- 
roads, and every considerable mountain and stream. On a 
scale of one inch to a mile, or Tj^ry, besides these, farms, 
woods, isolated buildings, every stream of 600 feet in length, 
and every hill of a hundred feet in height, can be represented. 
On a ac^e of two inches to a mile, or jyj^j, the various fea- 
tures of the ground can be clearly and accurately presented, 
also every stream of not less than 300 feet in length, every 
pond of more than 50 feet broad, besides all roads, isolated 
buildings, &c. The scale of six inches to a mile, or titsst* 'S 
well suited for the complete delineation of a country. Scales 
for projecting experimental surveys for civil purposes very sel- 
dom exceed twelve inches to a mile, or jj'ji ■ Larger scales 
than these are only used in proportion to the amount of detail 
required. The decimal scales corresponding nearly to these 
are Tii^T,, Biirn, jji,r, TjiTH and ,^j. The smallest publi- 
cation scale of the F. 8, Coast Survey is uHy, which is also 
the scale of the new map of France.* 



OF MEEIDIANS AND PAKALLEIS OF LATITUDE. 

In a very extended survey, where latitude and longitude are 

• The reader is referred to the besutifbl mapa of the Uoited StBlflS Coad 
Snrrej, and to the Terj elegant detailed map of Fnacn, both in ooune et 
publication, a« admirable illuetratioDi of topography. 
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considered, it is necessary to project the meridians and paral 
lels upon the map. If the portion of the country included in 
the survey does not exceed one hundred miles ia length and 
breadth, no appreciable distortion of outline will be occasioned 
by drawing straight lines at right angles with each other in 
order to represent them. But if a greater extent of country is 
comprehended, it will be necessary to show the convergence of 
the meridians towards the poles, and the consequent diraination 
in the length of a degree on the higher and smaller circles of 
latitude. The following are two practical methods for determin- 
ing these lines in both cases : — 

Suppose, as in the first of these cases, that A B D (I^. 41) 
is the boundary of a topographical map, upon which the meri- 
dians and parallels of latitude for every tenth minute are to be 
drawn. It is necessary, for this purpose, that the latitude and 
longitude of one point in the map shonld be known, and the 
direction of the true meridian passing through it determined. 
Suppose the longitude of the point a to be 4° 23' West, and its 
latitude 42" 18' North, its meridian being in the direction SN. 
Draw through a the line WE at right angles with the line SN. 
This will be the parallel of latitude passing through the point 
a. Since the meridian for every tenth minute ie required, the 
first one West of a to be determined is that of 4" 80', which is 
seven minutes "West of a. The first one to be determined on 
the right is that of 4° 20', which is three degrees East of a. The 
degrees of longitude expressing these distances must be con- 
verted into miles or yards, and then laid down upon the map 
according to the scale of distances. Eor this purpose the fol- 
lowing tables are used. Table 1 gives the different lengths of 
a degree of lon^tude, in terms of geographical miles, and table 
2 the same, in terms of statute miles : — 
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qf Zaiiiude in Oeographiodl MUea, 



LaL 


^tr" 


Zafi 


"x/i- 


Lot. 


^^ 


LaL 


a^^^ 




en. 00 


31 


SG.38 


46 


41.68 


69 


21.61 




89.96 


S4 


64.81 


47 


41.00 


70 


30.63 




se.e4 


26 


£4.88 


48 


4a 16 


71 


19.64 




e9.ss 


SB 


64.00 


49 


S9.36 


72 


18.66 




fi9,8S 


27 


68.44 


GO 


38.67 


78 


17.64 




B9.11 


SB 


e3.oo 


61 


87.78 


74 


16.61 




69.67 


29 


62.48 


£2 


87.00 


76 


16.62 




69.M 


SO 


61.98 


es 


36.IB 


76 


14.61 




69.40 


81 


61.48 


64 


86.28 


77 


18.60 




6e.ao 


S2 


Bass 


ec 


34.41 


78 


12.48 




B9.08 


83 


6o.sa 


66 


SS.66 


79 


11.46 




BS.B9 


84 


49.74 


61 


82.07 


BO 


la43 




C8.6B 


85 


49. IB 


B8 


31.79 


81 


9.88 




flB.48 


88 


4S.B4 


69 


80.90 


82 


B.8S 




BB.2i 


81 


47.91 


60 


saoo 


88 


7.83 




CS.0O 


88 


47.38 


?! 


29.04 


84 


8.2B 




B7.eO 


89 


46.63 


62 


38.17 


86 


6.23 




eT.io 


40 


4&00 


83 


27.34 


86 


4.18 




67.04 


41 


4G.Sg 


64 


36.80 


87 


3.U 




e«.7i 


43 


44 9S 


SB 


26.86 


88 


3.09 


10 


Be.S8 


48 


43.88 


88 


£441 


89 


1.06 


SI 


se.00 


44 


48.16 


67 


28.46 


90 


aoo 


S3 


Bs.ei 


40 


42.48 


es 


2248 







D„.i„.db,Googlc 



Showing the Length of a Degree of Longitude for every Degret 
of Latitude in English Statute Miles. 
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If the scale of the survey is in statute miles, the length of a 
degree of longitude, in latitude 42°, will be found in Table 11. 
This length is 51.4253. To find the distance from a to the first 
meridian on the left, which is seven minutes west of a, the 
[ullowing proportion is stated : — 
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60' : 51.4253 : : 7' : the reqnired distance, or 5.9996 miles, 
which must be laid off from a to the left, and the meridian 
drawn tlirough the point h, so fonnd, parallel to NS. Thia 
will he longitude 4" 30'. To find the distance from a to the 
first meridian on the right, which is three degrees East of a, 
the following is the proportion to be stated : — 

60' : 51.4253 : : 3' ; the*«quired distance, or 2.5713 miles, which 
must be laid off from a to the right, and the meridian drawn 
as before through the point e so found. Other meridians are 
drawn parallel to NS, and at a distance from each other equal 
to he. The parallels of latitude for every tenth minute are 
determined in the same way, for the parallel WE, being 43° 
18', the first one Kortb, or 42° 20', will be two degrees North of 
a, and the first one South, or 42° 10', will be eight degrees 
South of a. The following proportions may then be stated, 
noting that the length of eve't'y degree of latitude is sixty geo- 
graphical miles, or 69.2 statute miles ; — 

60' : 69.2 : : 2' : the distance North of a, or 2.3 miles. 

60' : 69.2 : : 8' : the distance South of a, or 9.2 miles. 

Parallels of latitude are drawn through the points d and e, 
thus determined, and others parallel to them, and to "WE, at a 
distance apart, equal to de. The above fractional parts of 
miles may he reduced to feet or yards by multiplying the 
decimal fraction by 5280 feet, or 1760 yards. 

In the second case, or where the survey covers a greater 
extent of surface than a hundred miles in length and breadth, 
the meridians must converge, and the parallels of latitude must 
conform to them. The following is a simple construction for 
this purpose, by which any portion of the earth's surface, mea- 
sured by degrees, is represented by a similar portion of the 
map. Suppose tte survey to lie between longitudes 1° East 
and 7" West, and 36° and 45' of North latitude, comprising 
eight degrees of longitude, and nine degrees of latitude. Let 
a {Fig. 42) be a point near the middle of the map, whose lati- 
tude- is 40° 30' North, and whose longitude is 3° 20' West It 
is required to draw meridians and parallels for every degree. 
Draw through a the vertical line N S for the meridian passing 
through that point. Find in miles (as before) the distances 
from a to latitude 41° North, and to latitude 40° North. These 
distances — taking 69.2 miles for a degree of latitade — are 34.6 
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miles above and beloir a. The points h and c are dins deter- 
mined, and are points on the parallels of 40° and 41° Korth 
latitude, and the distance h o \9 one degree of latitude, which 
mnat be laid off on the line N S, above and below b and c, 
until the whole extent of survey included by K S is marked off 
in degrees. Determine, as in the first case, the meridians 3° 
and 4° west, by laying off in miles the lengths of 30' to the * 
right, and 40' to the left of N and S, which are respectively 
situated in 45° and 36° of North latitude. These distances are, 
at N, by Table H, Nrf= 16.3437 miles, and Ne=32.6874 
miles, which are laid off on ed perpendicular to NS. At S, 
draw hg perpendicular to N S, and lay off from the table the 
distances 18.6614 miles to the right, and 37.3228 miles to the 
left. Then e d and hg will be each one degree of longitude, 
corresponding to the latitudes of 4S° and 36° north. Draw the 
lines eh and dg, and through the points of division on NS 
draw lines perpendicular to KS, and they will divide e h and 
d g into degrees of latitude. The figure ehg d will then be a 
projection of nine degrees of latitude, and one degree of longi- 
tude. Other meridians may be thus determined : — "With the 
diagonal distance eg or d h,e&d, radius, and from g and h as 
centres, describe the arcs i k and I m, and from d and e as 
centres, with the same radius, describe the arcs n o and pq. 
Now, from the points d and e as centres, and with e d sa & 
radius, draw two arcs intersecting ih sXr, and ^ m at s, and from 
k and g as centres with A ^ as a radius, draw arcs intersecting 
n &tt, onApq at u. Join r with t, and « with u, and divide 
right lines 8 u and r t into degrees of latitude, each equal to 
h c, and we shall have the meridians and parallels for 2° and 
6° west longitude. Determine the other meridians of the sur- 
vey in the same manner. The parallels of latitude may be 
composed of straight lines from one meridian to another, 
or, their points being determined on the meridians, a eurvt 
may be drawn through all those points having the same lad 
tude. 
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or THE METHOD OF PROJEOnNa HORIZONTAL 
OtTRVES, FROM THE LETELS OF CERTAIN POINTS 
DETERMINED BY SURVEY. 

In flurveying the gronnd, for the purpose of tracing upon ite 
plan the horizontal curves, the points whose levels are deter- 
mined must be sufficiently numerous and close together, to ad- 
mit, without sensible error, of the supposition that the slope of 
the ground between them is unifornL The following method 
proceeds npon this supposition. Let A 

and C (.^M^. 43), be two points on the pro- A_^__^f_^ ^s 

file of the ground, and let the horizontal ic 

distance (AB) between A and be fifty feet. 
Let the difference of level between A and C, as determined by 
survey, be ten feet, C being the lowest point. It is required to 
find, upon A C, the points in which horizontal planes, drawn 
one foot apart, and commencing at A, will intersect A 0. The 
following proportion will discover this ; — 
As the total fall from A to C is 
To the horizontal distance A B from A to C, 
So is any partial fall from A towards C 
To its corresponding horizontal distance from A. 
Now A B is 50 feet, and the total fall from A to is 10 feet, 
then for a partial fall of one foot we shall have 10 ft. ; 50 ft : 
1ft,: 5 ft., or the horizontal distance from A to that point of 
A 0, which is one foot below A : and by laying off 5 feet from 
A towards 0, we shall have the intersection of the one-foot 
plane with a line of the ground. Again, 10 : 50 ; : 2 : 10, 
which gives ten feet from A, for the point of intersection of the 
two-foot plane with A C : and so on for the other planes. By 
marking out upon the ground squares, or triangles, whose sides 
are of equal and convenient length, determining the levels at 
all the intersections, and reducing all the levels so that they 
may be referred to one point (a horizontal plane drawn through 
such a point is called tiieplarie of reference, and the levels so 
reduced are called references), we can, by the above method, 
find, upon every line, the intersections of any horizontal 
planes. 

But the references, aa obtained by the instrument, are 
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Bcarcely ever expreesed in wiiole nambers ; and whereas it ia 
desirable tbat the planes ehoald be passed at whole nnmberB 
of feet apart, the labor of stating a proporidon to calenlate 
every point becomes considerable. This is obviated by the 
following convenient mechanical method,* by which the pro- 
portions, instead of being stated in figures, are presented in 
lines, by means of the properties of similar triangles. 

Let 1, 3, 9, 7 {Fig. 4i), be a portion of ground, projected on 
a scale of 50 feet to an inch. It is 100 feet sqoare, and is sub- 
divided into four square, of 50 feet sides. Let the references 
of the points 1, 2, 3, &c., be respectively 8.10, 6.30, 7.35, &c., 
as indicated in the figure. These levels are expressed in feet, 
and are referred to a horizontal plane 2.5 feet above the point 
5; which is the highest point of the ground. It is required 
now to trace the intersections of horizontal planes, which shall 
be 3, 4, 5, 6, &e., feet below the plane of reference. Let us 
begin with the line 5,6, Draw the line A B {J^'iff. 45), equal 
to the line 5, 6, or, according to the scale, fifty feet in length. 
Then let fall from A & B, two perpendiculars, A D & B C. 
Divide these perpendiculars into equal parts, say, each one 
tenth of A B, and join the opposite points of division, forming 
the ladder-like figure A B C D. Number the horizontal linea 
from B downwards, in quarters of unity, viz. ; .25, .50, .75, 
1, 1.25, 1.50, &c., &c,, 80 as to include the greatest number of 
feet the ground will probably descend, from station to station. 
In the present case 7.50 will suffice. Cut from a piece of stiff 
. paper a narrow strip like E F, making the edge E F accurately 
straight Fasten the line E F to the point B, by means of a 
fine needle, so as to conceal as little as possible of the corner at 
B, and the instrument is ready for use. Beginning at the cen- 
tral point, 5 {Fig. 44), it will be observed that the three-foot 
curve is .5, or half a foot below it; the four-foot curve is 1,5 
feet below it ; the five-foot 2.5, and the six-foot 3.5 below it. 
The total fall from the point 5 to the pnint 6, is 6.50-9.50, or 4 
feet. Then the edge E F {Fig, 46), of the strip must be placed 
80 that the line E F wilt be drawn from B to G, on the horizon- 
tal line marked 4, corresponding with the difference of level 
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between Btstions 5 & 6. The strip must "be secured in tliia 
position by a pin near E. Now from station 5, the first partial 
fell we wisli to find, is from ra/erenoe 2.50, to the three-foot 
curve, or .5 of a foot. 

The proportion is, — Total fall from ata. 5 to sta. 6, is to 
Distance from sta. 5 to 8ta.'6, as 
Partial fall, is to the distance required, 
or, hy the instrument, A G, (or B H) : H G : : B i : i k. Hence, 
to find the horizontal distance corresponding to the partial fall 
of .6, we have only to measure on the horizontal marked .50, 
its length included between B H and E F {Fig. i5}, and lay it 
off on the line 5, 6, {JF^. 44), from 5, towards 6. This will be 
a point of the three-foot curve. The next point, that of the 
fonr-foot curve, is 1.5 feet below station 5. Take the length of 
the line marked 1.50, included between B H & E F, and lay it 
off from 5, towards 6. The five-foot curve lies 2.5 feet below 
station 5 ; then we take the part of the line 2.5 incladed between 
B H tfe E F, and lay it off as before. The six-foot cnrve being 
3.5 feet below, we measure and lay off a similar part of the line 
marked 3.5. This finishes the division of the line between sta. 
5 to sta. 6, and gives points of the three, four, five, and six-foot 
curves ; which must be marked (3) (4) (5) (6), Points of the 
curves on other lines are determined in the same manner. For 
example, from sta. 5 to sta. 4, the total fall is 6.50 feet. Set 
the edge E F, from R to L, on the line marked 6.50, and mea- 
sure and lay off successively from 5 towards 4, the parte in- 
cluded between E F & B M, of the lines marked .50, 1.50, 3.50, 
3.50, 4.50, 5.50. The station 4, having a reference of 9 feet, is 
itself a point of the nine-foot curve. Find the points thus, 
upon every line of the figure, and draw the curves through the 
points BO determined, taking care to give them their proper 
curvature from point to point. If the total fall from station to 
station is expressed in smaller fractious than .25, as for exam 
pie from sta, 6 to sta. 2, where it is 3.80 ; then the line E F 
must be placed at a point between 3.75 and 4, but nearer to 
3.75 : or else the line B C may be divided and numbered, so as 
to show smaller fractions than J. 

In case the great irregularity of the ground should require 
intermediate levels and references, a distance must he laid off 
fi^m B towards A, making N B equal to the horizontal distance 
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between these eecondary poiota and the primaiy onea, and the 
hne N O drawn, and used for these, instead of the line A D^ 
which latter is used tor all the regular distances of the Burrey 



OF THE METHOD OF PROJECTTING HORIZONTAL 
CURTES OF THE GBOUND UNDER "WATER. 

In snrreying a harbor, or any extensive body of water, flag- 
bnoys are stationed at conyenient points, and their positions, 
their distances from each other, and from some points on the 
shore at the water line, accurately surveyed and projected on 
the map. Soundings are taken along tiiese connecting lines 
keeping the intervals of the soundings exactly equal between 
any two of the stations, though they may vary for different 
lines. In order to determine the curves of the bottom, it is 
necessary to distribute the soundings of each line, equally 
throughout its length. Suppose {Fig. 34, "soundings") the 
line between the two buoys to be one of the projected lines, 
and that its length is 630 feet. The number of recorded 
soundings corresponding to that line is 23, including the 
soundings at the buoys. This will give 21 intervals between 
the soundings. Then the line must be divided into 21 equal 
parts, of 30 feet each. Hark the points of division on the 
line, and write opposite to each point its corresponding sound- 
ing. The points of any desired curve may now be found : — for 
example, tiie six-foot and nine-foot curves will pass through 
the points 6 and 9, the twelve-foot and fifteen-foot curves will 
pass midway between the points 11) and 12j, and 14^ and 
15), respectively. In the same manner other lines of sound- 
ings may be divided, and points of the curves determined. 
Through all the points so found, the curves are drawn, after 
which they are numbered (as in the figure) at a sufficient num- 
ber of places. 

The following easy method of dividing a line into any 
number of equal parts, will save the labor of measuring, or 
dividing by trial. Out a strip of drawing paper, the edge 
A B of which {Fig. 46i) is graduated in equal divisions. If 
it be required to divide the line c d into nineteen equal parte, 
place the strip so that its edge A B shall make a convenieut 
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anglo with e d, and bo that the zero of ita graduation shall 
coincide with the point c. Secure the strip in thb position. 
Now join the point d with the point 19 of the scale A B, 
and draw, parallel to 19 d, lines through all the inferior 
points of the graduation, and these lines will cut c d into 
nineteen eqnal parts. 



PROBLEMS CONNECTED WITH THE REDUCTION, EN- 
LARGING, AND COPYING OF MAPS OR PLANS. 



To Construct a Sgua/re that shall he a Multiple of any gi/oen 

Sguare. 

Let A B D {Fig. 46) be the given square, and let it be 
required to construct a square that shall contain 2, 3, 4_ 
&c., times its surface. Draw the 
diagonal B D, and make B a equal 
to B D — then the square described R$■^s 
upon B a, will be double the square 
A B C D. Lay off A E, equal to " "" 
B a, and draw B E, then the square 
described upon B E, or B b, will be 
three times the square A B C D. 
In the same manner, lay off A F b*^ 
equal to B S, and the square described upon B F, or B o, will 
be four times the square A B D, and so for any multiple ol 
the square A B C D. 




idbyCoOglC 



To Conatnu^ a Square that shall le egual to j, i, cfeo., 
any given Square, 



Let A B D {Fig. 47) be the given 
square. On A B, as a diameter, de- 
Beribe the Berai-circle A H B, and 
erect, at the centre E,the perpendicular 
E H. Draw B H, and it will be the 
eide oi" a Bqnare equal to one-half of 
A B D. Lay off F B, equal to one- 
fourth of A B, and erect the perpen- 
dicular F I, then the square described 
upon I B will be equal to one-fourth 
of A B C I). In the same manner, a 
square may be constructed, equal to 
any |)art of A B C D. 



n?^ 


^ 


^ 


c 





9 Gonstrud a Square that shall 5a in any Proportion to a 
given Square. 



Let A B D (Fi^. 48) be the 
^ven square. It is required to con- 
struct a square which shall be to 
ABCDas2iBto5. Upon the side 
A B as a diameter, describe the semi- 
circle A G B, and divide the line 
A B into five equal parts. At the 
second point of division, enjct the 
perpendicular F G, and join A Q — 
the square described upon A Q will 
be to the given square A B C D as 3 
Lb to 5. 



/ 


' — ^ts 
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To Consttuct vpon a given £ase, a SectoM^le, which ahaU be 
aimdlar to a given Seotcmgle. 

Let A E F G be the pven rectangle. It is required tc 
construct npon the base 
A B, one that shall be 
similar to A E F B. Pro- 
long A E, and lay off the 
given base from A to B. 
Draw the diagonal A G-, 
and prolong it indefinitely. 
Erect a perpendicular to 
A B, at B, and at the 
point D, where it inter- 
sects the prolonged diago- 
nal, let fall D C, perpendicular to A F produced. Then 
A B C D will be similar to A E F G. All rectangles having 
their diagonals in the same line are similar. 
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ON THE METHOD OF DRAWING BY THE TTSE OF 
REFERENCES, AND PROJECTIONS ON A SINGLE 
PLANE OF PROJECTION. 

DEFmrnoNS. 

Prelections. The projection of a point npon a horizontal 
plane is that point of the plane directly beneath the point. 
Hence to project a point upon a plane, is to let fall from the 
point, a perpendicular to the plane, and the foot of that per- 
pendicular is the projection of the point. 

Tiie projection of a Une is made up of the projections of all 
its pointe. In the case of a straight line, the lines which pro- 
ject its points pass through the given line, and are parallel to 
each other. They constitute a plane. This plane is called the 
projecting plane of the line. Its intersection with the plane 
on which the projection is made is a straight line, and is the 
projection of the line. Hence if the projections of two points 
of a straight hue are known, the projection of the line can be 
drawn. 

The plane on which the projection is made, is called the 
Plane of Projection. 

The lines which project points are called Projecting lines, 
and the planes which project lines are called Projecting plames. 

The projection of a mirved line will in general be a curve ; 
for the projecting lines of its points will not constitute a plane, 
but a cylindrical surface, which will intersect the plane of pro- 
jection in a curve. 

In what follows, the plane of projection will be taken hori- 
sontal, and all objects represented are supposed to lie {^ovs 
that plane. 

Plans of refermxie. The horizontal plane of projection, 
above described, is the Plane of reference. 

Reference. The numbers expressing the heights of points 
above the plane of reference are called the references of the 
■points, and are written on the drawing, near to the projections 
of the points. 

lAne of slope. The line of greatest descent of any plane or 
surface, is called the Une of slope of that surface. Also the 
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line joining any two points in space which are nneqnally dis- 
tant from the plane of reference, is a line of slope. 

Scale of slope. Any equal divisioDB, marked upon a line of 
elope, indicating the amount of descent corresponding to any 
horizontal measurementB, constitute a scale of slope. 

Horizontal scale. A scale of equal parte, indicftti..g the rel- 
ative distances and positions of points situated in the plane of 
reference, is called the ho'risontal scale. For each drawing 
there is but one horizontal scale ; bat there may be as many 
different scales of slope a^ there are various inclinations of lines 
or surfaces reprraented, and there must evidently be an estab- 
lished i-elation between every scale of slope and the horizontal 
scale. 

From the above definitions it will be seen that a point is de- 
termined in space when we know its projection on the plane 
of reference, and ite height above that plane : — that is, its ref- 
erence. AlsOj tliat a Une is determined when we know let, 
its projection, its scale of slope, and the reference of any point 
of the line, or 2d, \\& projection and the references of any two 
of its points, ^i j>2an« is determined when we know the ref- 
erences of at least three of its points ; or when its scale of 
slope is known, 

A few Problems, illustrating the application of the simple 
principles above defined, will explain the use of this method of 
representing points, lines, and surfaces, by means of one pro- 
jection only. *It is chiefly useful where (as in Topographical 
drawing) the heights to be represented are quite small in com- 
parison with the lateral or horizontal extent of the surface. 

Any convenient scale of equal parts may be assumed as the 
Horizontal scale of the drawing. For the following Problems 
a scale of 3^ will be used. Let the unit of length be a yard j 
then the unit of the scale being one foot, the scale may be called 
a hundred yards to the foot, and one-tenth of a foot will repre- 
sent ten yards. 

Pboblem I. 
To represent the positions of points in space. 

It is evident from the Definitions, that for this purpose it is 
Decessary only to establish the positions of points relatively to 
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each other in the horizontal plane, and to writa near to each 
point BO established, its referenoe, when its position in ejiace 
will bo fully determined. 

Peoblem n. 
To ^project a right Une. 
Since the line ib determined when any two of its points are 
tnown, and since the projection of the line most pass through 
the projections of its pointa, it is necessary only to draw the 
line through two of its established points, and to write their 
references near thoee points. 

Pbobleu m. 
To det^rmvne the eoale o_f slope of a giv&n. lino. 
The projection of the line, and the references of two of its 
points being given, as in Prob. II., let the line in space be 
divided into any number of eqaal parts: the projections of 
thoee equal parts will evidently be equal to each other. The 
difEerences of reference of successive points of division will 
also be constant. Now; if the line in space be so divided that 
this constant difference of references shall be a certain tmit, 
say one yard ; the divisions on the projection of the line will 
form a scale of slope, showing the proportion between the 
slope and the length of the projection. Each point of division 
on the projection of the line is marked with its reference, and 
the divisions may be subdivided. Let AE (Fig, 50) be the 
given line ; AP and ER the projecting lines, upon the plane 
of reference PR, of the given points A and E. Let the refer- 
ence AP be 9.4 yards, and ER be 5.8 yards. Let the length 
PR, between the projections of A and E, be 16.2 yards. From 
the scale of the drawing construct the trapezoid APRE, and 
throngh E draw DE, parallel to PR. Lay ofi AB = 1 yard, 
and draw BO parallel to PR Then we have the point 0, 
the reference of which differs from that of the point A by one 
yardi To determine the value of BO (or PQ), we have 
AD : DE : ; AB : BO. 

whence BC= tt^; : 

AD • 
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or, sabetitntdng the numerical values as above, 
16.3x1 16.2 



BC = PQ = 



j^= 4.5 yards. 

respectively 9.4 



" 9.4-5.8 

The references of the points A and C i 
and 8.4 ; and to find the projection of a point M, whoee refer- 
ence Bhall be 9, we divide P Q into ten equal parte, and lay off 
from P towards Q four of those parts, and we have the point 
S, whcae reference is 9. Taking 4.5 yards from the horizontal 
scale, and laying it o£E succeBsively on the right and left of S, 
calling S 9, the scale of slope is completed, and can be trans- 
ferred to its line on the drawing. 

The length in space of any portion of a line may be found 
from its references by means of the formula 



AE 



=v^^ 



+ DE' 



by snbstitnting the nomerical values. For example (Fig. 50)^ 

AE = */(l6.2)' + (3.6)' = J 2T5.4 = 16.6 ; 
and BO for the length between any other two points. 



To determme ths slope of a line, having gmm, its projection 
and the referencea of two of its points. 

The slope of a line is the angle which it makes with a hori- 
zontal line. The true slope is the angle that a lino makes with 
its projection on the plane of reference : for every other angle 
made by a horizontal line with the given line is greater than 
that made by a line with its projection. 
Fi£. 61. 






To find an espreesion for this angle, let AB (Fig. 51) be the 
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given line, and FB ita projection. The angle ABF ia the slope. 
If any nninber of perpendicalare are let fall from any points, 
as A, C, D, &c., it ia evident, from the similarity of the tri- 



angles formed, that the ratios ^vpi j^i tj^z) &a. are all equal. 
The same maybe said of the ratios — t^>— jt,&c.: eothatthis 

constant ratio may be taken to represent the angle, or slope. 
Am is the differenue of the references of A and 0, and mC ia 
the length of projection between A and C: and if Ana = 3, and 
mC = 7, the elope of the line AB may be represented by the 
ratio -^. This is called " a slope of 3 upon 7," that is, 3 per- 
pendicnlar, to 7 horizontal If now the horizontal meaaure- 
inent, or the base, be unity, the perpendicular itself will repre- 
sent the slope- 
Thus in Fig. 52, AB = 1. Let Ao = |, An = 1, and Am 
B. 
= 1-^, or J : then oBA will be ^, or " 5 upon 8," nBA will be \, 

3 

or 45", and niBA will be 5^' or 6 npon 5: proper fractfonB indi- 
cating a slope less than 45°, and Fig'. 53. 
improper fractious a greater. 

In general, the slope of a line ^ 
is expressed by dividing the dif- 
ference of reference of any two 
of its points by the numl>er ex- 
pressing the length of the projee- 
iion between those points. 

This ratio is called the tangent 
of the wngle; and if it should be 
desirable to know the number of 
degrees, minutes, and secoi 
in the angle, the fraction must be changed to a decimal of 
five or six places ; and in a Table of Natural tangents the de- 
grees, &c. will be found opposite to tliat decimal (or mixed 
number, as the case may be). 

If the difference of the references of two points be unity, thn 
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expression for the slope is derived in the same way, bnt will 

bo the reciprocal of the former expreseion, and will depend on 

Pig. 63. 




the length of projection. In Fig. 53, AB = 1 ; Bo = .833 or 
J^ ; Bm = .626, or f; Bn = 1 ; and Bp = 2. Then the slope 

"AoB will be ior f; AmB = 1, or$; AnB = |; and ApB 

In general, if r represents any difference of references, I the 
sorresponding length of projection, and a the slope, we have 
r 

'=v 

If the unit he I, « = r. 
If the unit be r, » = j. 



Bnt if » ^ -T, then reciprocally, I = 



A line is then known, when its projection, its slope (or its scale 
of slope), and the reference of one^oint, are given. 

In Fig. 50, let AE be the line, of which the point A (ref. 
9.4), and the slope ^ are given. 

Then ? = 1 = 1 ~ t = 4.5. 

» I 
Laying off, from the horizontal scale, 4.5 yds. from P to Q, the 
projection of a second point C is fonnd, whose reference is 8.4. 
The scale of slope of the line can now be constructed. 

If the scale of slope is given, with the projection of the line, 
and the reference of one of its points, the elope ia fonnd by the 
reciprocal of the preceding expression : thus, 
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3 upon 9. 



Knowing the projection of a point on a given rigM Une ; 
to find the reference of that point. 

Let the line ND (Fig. 54) be given by its projection and by 
the references AP and BK of two of its points A and B. It 
is required to determine the reference MQ of the point M, 
whose projection Q is given. Let AP = 8 ; BR ^ 4.7, and 
PK = 10,5, Measure, on the horizontal scale, the length of 
PQ, and suppose it is found to be 1. Draw CM and GE, and 

,..,,., , AC CM AP-MQ PQ 

by similar tnangles we have-^ = ^, or ^z^M. ^ PR' 

whence we deduce 

MQ = AP - II (AP - BE) : 

or, Bubatitnting the known numerical values in the second 
membetj 

MQ = 8 - H-T (8 - 4.7) = 5.8. 

[When the given point is N, and does not lie between the pointe 
A and B, the same resnlt is reached by considering the tri- 
angles NFA and AGB ; by which we have 

AF _ NF NO - A P _ OP 
AG - GB' °^ AP - BR ~ PR 
whence we deduce 



Measuring OP as before, and finding it to be 3.1, we substitute 
the numerical values in the second member, and find 
NO = 8 + .294 X 3.3 = 9.29. 
When the scale of slope is given, it is necessary only to find, 
from the Bubdivisions of the scale of slope, the distance of the 
point from either one' of the principal divisions between which 
it lies ; as in Fig. 55, which represents a scale of slope. 
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To find the reference of M; itB diBtance measured from 5, 

16 eight, and from 6, is two, of the BnbdiviBionB. Hence its re- 
ference is 5 +.8, or 6 — .2, which ie 5.8 in either case. The 
point D, marked zero, is evidently the point where the given 
line pierces the plane of reference. 

Peobi-em VI. 

Knowing the reference of a point on a given right line, to 
fmd the projection ofthatpomt. 

Knowing the reference of the point M, which is supposed to 
lie between A and B (Fig. 54), it is required to determine the 
projection Q of that point ; or, in other words, to calculate the 
length of PQ. 

The similar triangles AGE and ACM give 

CM_AC PQ _ AP - MQ 
GB ~ AG'**^ PR ~ AP - BK 
whence we deduce 

Or, substituting the numerical values, 

PQ = 10.5 X |^~ = 6.99 +, or 7. 

For the known reference of T, the same formula will be ob- 
tain ed. 

If the point were at N, we have 

NF _ AF OP _ NO - AP 
GE ~ AG' ^'' PB ~ AP - BR' 
whence 

AP— BK 

or, BubBtitnting the numerical values, 

OP = 8 5:^ = 3.13. 

If the scale of slope were known, the projection correspond- 
ing to the given reference can be taken from the scale, as in 
the last problem. 
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STote. In order to obtain the projection of the last point of 
the line above the plaee of reference, or the point in which 
it pieties that plane, we have, from the triangles AGB and 
APD, 

PD AP, PD _ AP 
GB ^ AO "PH- AP-BK' 
whence 

„„ PK xAP 10.6 X 8, „,,, 
™ = AP ^TiK = —3.3-' = ^^■«- 

Tboblbk vn. 

Through a gimen point to dra/w a line jpwraU^ to a given. Ime. 

Let AB (Fig. 56) be the given line, and C the given point. 
I£ the projection and scale of slope of the given line, and tlie 
projection of the point are given ; draw through the given point 
a line parallel to the given line. It will be the projection of 
the required line. Snppoae the reference of the given point to 
be 7.5. Find, on the scale of slope of the given Hue, the point 
whose reference is 7.5, and join it with the given point. Par- 
allel to this last line draw lines through the divisions of the 
scale of slope of the given line. These parallels will be hori- 
sontals, and their interseetions with the projection of the re- 
quired line will mark its scale of slope ; which, being the same 
as that of the given line, and their projections being parallel, 
the lines are parallel in apace. 

If the given line is known only by ite projection and the re- 
ferences of two of its points, viz., A and B (refs, 8 and 5) ; take 
the length of projection between A and B, and lay it off in 
either direction from on the required line. The references 
of the points so marked will be the difference of the references 
of A and B (3 in this case), added to or stibtracted from the 
reference of 0, viz. : 7..^ ± 3, = 10.5 or 4.5. Then the slope of 
the required line being the same for equal lengths of projection 
as that of the given line, and the projections parallel, the lines 
will be parallel in space. 

The repreaeniation ofaplane aurface. 

Any plane not parallel to the plane of reference wiU intersect 
it in a straight line, called tiie trace of the plane ; and the angle 
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made by the oblique plane with the plane of reference will be 
measured by (that is, it will always be the same angle as) the 
angle formed by two lines, one in each plane, meeting the inter- 
section of the planes at the same point of, and perpendicular to, 
that intersection. A line drawn in an oblique plane, perpen- 
dicular to the trace of the plane, will form, with the projection 
of the line, this measuring angle ; and the line so drawn in the 
oblique plane will be its li?ie of greatest descent, or its line of slope. 

Aplane then is determined if the direction of its line of slope 
is known, and the scale of slope of that line, which is also evi- 
dently the scale of slope of the plane. To distinguish the scale 
of slope of a plane from that of a line, the former is represented 
by a dovhle line (Fig. 57). If a plane is horizontal it is repre- 
sented by the reference of any one of its points, as the refer- 
ences are the same for all of its points. If a plane is vertical, 
it is represented only by its trace on the plane of reference. 
The direction of the trace of a plane is known when that of its 
line of slope is known, and conversely, the latter ie known if the 
foiTaer is given, since those two hues are always perpendicular 
to each other. 

The projection of any point C (Fig. 57), situated in an 
oblique plane being given, the reference of that point can be 
determined by drawing C I> perpendicular to the scale. C D 
will be a horizontal, and the reference of D read on the scale 
will be the required reference of the point C. 

Fbobleu Till. 

Topass a plane through three given points, and detei-viine its 
scale of slope. 

Let A, B, and C (Fig. 58) be the three points whose given 
references are respectively 12, 8.5, and 6. Join any two of the 
points, as A and C, and construct the scale of slope of the line 
AC. Find upon it the point H, whose reference is 8.5, and 
join it with B. This line IIB will evidently be a horizontal 
of the required plane. Then FG, perpendicular to BH, will be 
a hue of greatest descent of the plane, and upon it the scale of 
slope can be constructed. The point 8.5 of the scale is known, 
and by drawing through A the horizontal AK, parallel to BH, 
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the point 12 of the scale will be determined ; or, by drawing the 
horizontal CD, the point 6 of the scale will be found, and the 
6cale may then be conetructed. 



Through a gmen point amd a given line, to pass a plane, and 
determine its scale of slope. 

Find upon the given line the point which has the same refer- 
ence as that of the given point. Join it with the given point. This 
line will be a horizontal of the required plane. Parallel to that 
draw a line through any other point of the scale of the given 
line. This line will be another horizontal of the required plane. 
The Bcale of elope of the plane can then be conetructed, as in 
Prob. VIII. 

Pboblbh X. 

To pass a plane through a given point, parallel to a gi/ueti 
plans, and determine its scale of slope. 

Let BC, Fig. 59, be the scale of slope of the given plane, and 
A (5.7) be the given point Since the planes are to be parallel, 
the lines of greatest descent of both will be parallel to each other. 
Therefore the scales of slope will be parallel. Since tliey also 
make the same angle with the plane of reference, their scales 
of slope will be graduated in divisions of the same length in 
each. Drawing through A a line parallel to BC, it will be the 
required line of slope, upon which, starting with the given 
reference 5.7, the scale may be constructed. If the reference 
of the given point is not fractional, the scale of slope can be 
laid off at once from the given scale. 

Peobleh XI. 

To determine the projection and sccile of slope of the Una 
of intersection of two gvoen planes. 

Let AB and CD (Fig. 60) be the scales of slope of the given 
planes. Take upon AB the points G and K at any convenient 
distance, and upon CD the points H and L, having the same 
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reftrencea reapectively as G and K,. Draw GO and KP perpon- 
dieular to AB, and HO and LP perpendicular to CD. Thew 
lines will be horizontalB of the given planes, and their inter- 
Bections O and P will evidently be points common to the two 
given planes. Joining O and P will give the required inter- 
section. The scale of slope will in this case be fonnd by divid- 
ing OP into five equal parts. The zero poiTit of the line o*" 
intersection coincides with the intersection of the perpen 
diculars at A and 0. 

Pboblsm XII. 

To determine the projection and the reference of the point 
in which a gio&n Une intersects a gimen plane. 

If any plane be passed through the given line, and the inter- 
section of that plane with the given plane be found, it ie evi- 
dent that the given line will pierce the given plane at the point 
where it meets that intersection. A convenient plane to use 
for this problem is the plane which has the same scale of slope 
as the given line. Let AB (Fig. 61) be the scale of slope of the 
given plane, and FG that of the given line. Make FG the scale 
of slope of the auxiliary plane, and find its intersection CD 
with the given plane, by Prob. XI. The point O, in whicli 
the given line FG meets that intersection, is the point in which 
FG pierces the plane AB. 

Peoblem XIII. 

Fig. 62 shows the application of the preceding principles to 
a little problem of town-grading. The contour curves (dotted 
lines) show the natural form of the ground. The horizontal 
cutting planes are one yard apart. By means of these curves 
the reference of all the street intersections are so assumed as 
to give the proper drainage slope to each street. These refer- 
ences are written at the proper points, and serve to determine 
the scale of slope of each line or portion of line. Through the 
jTointfi on these scales having the same references as the original 
contour curves (or any other points that the nature of the prob- 
lem may dictate) the grade horizontals are drawn straight fi-oni 
point to point (broken and dotted lines). 
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From this illustration may be inferred the applicability of 
this method of delineation to problems in sewerage, grading 
of town-sites, park and lawn-grading, harbor-Boundings, forti- 
fications, embankments, &c., and in general, to all forms of 
ground where elevations and depressionB are small when com- 
pared to horizontal extension. 
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